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Chapter- TF2

INPUT-OUTPUT AND ASSIGNMENT STATEMENTS'

,

Summary of%qapter 12

.

Enough of the FORTRAN language,is-introduced in this chapter to: enable

a student to Write very simple programs. One series of exer4ses as. arranged

in such,a way as to build up complete programs -, any or all of which can be,

computer,ttted: These are Exercises 1 - 6 at the end of Sections F2-3

Set A,- F2-3 Set C, and F2-7.

N In addition Exercise 8, eciicpT2-7, pis also recommended for'computer

,testing. It will be i4teres-t' g-to the better students., You may need to

give the students spme speck help with this one.

The outline

.14

F2-1 +Some background on WhEit is FoRTRAN.ind Ighat FORTRAN programs

, look like.

' F2,-2 The elements bf the language, itstcharacters, numerals for

constants ancLs4tatement labb4.s, vaeiables,lnamOs-for

a 4 operators. An 4importanenewidea to be on the lookout for

is FORTRAN'S distinction between integers arid real types Xpr

n bers and yariables

F2-3 The READ, PRINT and FORMAT' statements are introduced:'Format

.s ntrOdaced piecemeal at,first; cm1Y,theArsimplest concepts

- of orrnat are discussed (I.
.
and, F fields and:and: retetitiOn

ind cators. care' introduced at the 'end of the chapter).

Eac Aucededing chapter,adds moie Material.
,

'F2-4 The assignmentastatementtis.explained largely in terms bf,what
.

has been learned from the exteustve:gateriar in the flow chart

t . New ideas peculiar toFORTRAN 1411.Ch the:student'muat be 1

on he lookout for are: the notions of prohibition df Mixed- -

c

e expreesion5, and integer divieion.in FORTRAN, which )11
. -

lained in terms of the, greatest integOr function.

.1
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441Alt:
F2-5 'Order' of computation in a FORTRAN expression is,explairied in

terms of the material given in, the flow %art

F2-6 Converting integers to Teals and vide versa is shown to be

, accomplished by thd assignment statement&
r

13-7 A simple (but eomplete):FORTRAN p;Ogram is displayed and a set

of exercises gien.where the student, is asked to write his

first complete programs.

F2-8 .Provides some clerical details in preparing punched card for

program statements:. the continuation codd-and-the'irrelevance

of blank spaces.

F2-) Carrie control for yerticalspacing, of printed.Pesults

+introduced. Discussion continues in Chapter 3. This sedtionf

pertains only to those classes who are using line printers for

the output device.., With timesharing and remote typewriter

,Ansoles becoming available to an increasing extent the topic '

of carriage control will. become unnecessary in a beginning course.
(

F2-10 4xPlains how to read into memory alphabetic data\in contrast to

numeric data. The A-field format code isused. If.time is
1

- short, this section can be omitted temporarily. It is applied

at 'the end of Chager5 in the examples'on "string manipulation"

'i and again in Chapter...8.
lo

2
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Literature' En FORTRAN II,

. .,

. \
Anon- exhaustive list is rovided.he e . j

Ar . . ,

A. Reference manuals. '(The manuals list dare revised frequently and
i ..'

the doctment,numbers thelt,%are given may not reflect the late-St

revision.) .

.'1

. Computer
-,

l. "709/7090 FORTRAN" IBM 70901700
IBM Bulletin C28 - 6054 - 2

2. "7070 Series PrograMming Systems" =7070, 7074
IBM Builbtin C28 -.6170 .

, .

. .

3. IBM 1620 FORTRAN II specifications . ;.620 ,

IBM Bulletin J26 - 5602-.1 .

4. "FORTRAN'for the IBM 1401" "1 1401
aft

IBM Bulletin J24 - 1455 - 0, . ,

5. "FORTRAN'fOr the IW 1410" 1410 '

, IRA Bulletin J24 - 1468 0

6. "FORTRAN System for the Contrbl Da'ta 01C 1694
1604 qmputer" Publication, 087 A

7. ar "160 -A FORTRAN /Reference Manual" '160 A

Publication 60051302

8. $Honeywell 800.Algeb,rafc'Compiler EV800
Manual," Bulletin DS1 - 44A

- 1

-

Primers, guides and 'other texts.

1.

TF2

0

The-best source of suph'materi41 Is the SMSG annotatedbibliOgraphy

entitled "Study Guide in Digital Computihg-and Related Mathematics'!' ,

which is reprinted at the end dfthe Teachers Commentary for the ,

Main Text. See especially the references mentioned in Section III,

'Algorithmic LagUages.
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TF2-1

F2-1 Introduction

The FORTRAN statement and the declaration

The steps of a FORTRAN program that correspond to the event or action

boXesan a flow chart are called statements. To be complee, most 'FORTRAN

;programs als6 include certain statemerits,which are desciippived. theEse lave

no direct counterpart in the flow chart language.1 In Section F2-3, the .

FORMAT "atatement",is re\-/explained in the new context. It is=descriptive

or de4arative. It is Kat an event, or action step. At this point,we chose

to have the student call such nonexecutable statements as declaratdons rather,

than statements. This distinction is then maintained in the remainder of
)

the manual.

''`V-.4

"Target" programs and source programs
o

Terminology changes rapidly in a field which i5 moving as rapidly as

the computer field. Most of the older literAture used.,the term object
,-,.

e
program. W406 using the currently, preferred term in choosing to use thq

word target. ;

. i.

In addition. to the normal manner of processing a source program as
. .4 .2,

described in the student text, there is an alternative approach Which_is'

worth kilOwing abiout:Q)In this apPiOaCh, the processor or comPiler-prograii,

produces a target program which is executed in the "interpretiii&-mode:
.

....

1 This type Of target program consists of
,

insttuctions that are not

strictly machi e.codes. They are machine-like instruction cgdeq, often
.

. ___i

a'

j

called an %nterpretive"code:
. .

In order to execute such a target a specially developed "interpreter"
. .

program must be stored in memory along with the target before ex;cutioncan

proceed. 'Such compilers have been vet. successful, especially on machines
f

with limited memory such as the IBM 1620. The interpreter program has, the
. ,

task of interpreting and then carrying out the intent of each pseudo

instruction "of the target code. The interpreter progtam in. a sense,simulates,

a computer wi'lhin a-computer. The success of these compiletl'fa-explained
o ,

by the fact that a FORTRAN source program translated into interOetf'ye code

often occupies far less memory (fewer pseudo instructions) than a'FORTRAN

source program which is translated into 'machine code (mdre actual instruc-

tions)'. In the former (interpretive) case, the total combined memory requite-
.

ment for_the interpretive code produced by the compiler and the interpreter

program is normally less, that for the straight machine code. It iq,for
.

9
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. . .

this ..mason that this approach is po ular ?or machines of limited memory. On

the other hand, the latter (machine code). cake normally, results in faster-
.

TF2-2.

running programs:*

- Some computers hale been des gned ariabuilt so that 'the task of compiling

it made easy.. The BurronghsB-55 0 computer -is an example. An ALGOL compileir

for this computer develo& a tar et program expressed in machine code which

islas compact as could be obtai9ed with most interpretive approaches--so the
/

advantagesof both storage economy and running speed are thereby achieved

with essentially.none:of the

4

sadvantages.

!
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1

F2 -2 The character set .

4 r .

The characters shown in Tillie F2-1 are also ;shown in the card picture,.
* . . .,,

,

Figure X-15 in Chapter 1 of the main-text.

The special arrangement of letters and_digite in Table F2-1 is to

emphasize that letters and digits in the same column of the table have one

hole punch of their codelin commoh. For example, if you inspect the card

picture".pn will see that the letters E, N, and V. and the digit 5 each

have a punch in. Row 5.

Character

N

V

Special characters
r .

Row bunches used

.

12,

11,

0,

5

5

5 .

5

Many of the special characters in Table F2-1 were placed on key punches

when FORTRAN hie-erne available several years ago. Prior tothattime the

special characters preferred by the business community were used. The

Jolueintss community was and. still,is the largest user of key purithes. So,'

you need keytpunches for yourdAboratorY'classes and obtain the Use of

a "business" key punch you can expect the keys to display a different set.

of special characters. There is an equivalence-between theFORTRAN' set ,

and any other in the sense that up to now,a11 key punch machines of theIBM

Mod7l 026 variety punch,only one set of hole combinations---i.e., the ones sh oWn

on the cardpictioe. Only the characters printed on the keys, and, the corres-

ponding characters that print at the very top ofthe card in_,ieqhcolumn, may

diffe'r. The most typical equivalence is

FORTRAN.

("

0

J

(apostrophe),

t

Business

6 1.1

(lozenge) ,

& (aMpersaud7 ,

(aty'each)

-. (dash) ;

(ol



Answers to exercises F2-2,'Set A

TF2-2

1.,c, -.02E2

-,002E3

, -.0002E4
,

r

2. Assu5ing 2.54 cm to the inch, there are12.54-X 12 x 5280, or

1..609 X 105 et Jae.

i.-;1(.5 mile
. ,

-1,587 :X 2010 1.609 x 10} 41---n 1 2.553 x 1015
cm

.y.r. mile lt.yr.0,
c

In "Ent not ion this is 2.553E15 .
.

5 (_
3.. -5.96, 2 x , 80, -522.4, 5 x 105

,. 5.91E-5, 176.4E-9

5. None do.

1.79 x 10 17.9E-4 or 1:79E-3
.

* 6179 x x 10 .6179E-2 or 6179.E-2

16.79 16.79 or 16.79T0
, . 1 -

r

Statement labels

0

Although 5 columns are allowea for punching a statement label, oddly

enough, not all FORTRAN procebsors will accept labels as large as 99999.

The largest value for a label Which is acceptable to all proCedsome is

52768. If the,label'has Less than 5 drgita, it may be punched anywhere

in the label field(Columns 1 -(5); i.e., blanks are ignored.

Blank Characters in an Expression
'

InF,ORTRAN II compilers spaces are ignN9d when thet, appear inside an
f '

arithiiiktic expression. Renee spaces appearing within any component'of.an

expression are also ignored. Thus ABLE akd ABLE are.considered .
./..

0

equivalent by the FORTRAN, compiler.' It-happens.that there are some other,

.compute4 r languages and their processors, including some versions of FORTRAN IV

and Pb /I, where blanks are not iglibred. In'theselanguages.blanks are used

as.separators betwe n the components of anexpression:

":0k



TF2-2,

Itta.therefore a!good idea to avoid using spacesinside variables or

constants. In this way, our rules for constructing these components are in

harmonycwiththe other languages.

,

Type of number represented bz a variable name

Tt might be interesting for students to learn that, in more advanced

versions of FORTRAN, especially FORTRAN IV, a useful technique known. as

,,,explicit typing is available to break:theleading-letter rule for deciding
,

the variable type. 'TheteCiiniqUe alIOVills to declare the variable type by

a so-called:typeLdeclaiation. For example,

a

INTEGER T, P, Q

and REAL "I, J, JJ

are'type deClarationwhip would fOree the processor to accept Tc P,

Q as integer variables and',711; J, and t.1 as real variables for the,.

program in whith thele declarations are_given. ,

Many other languages also employCforms of explicit typing.

Answers-to'Exercises FZ-2 Set B

1. ' 176S, 19S76,

. Z'' \. '- - .

2. 0 J97 and ik' 37 (The space is immaterial.)
I .

t

F2 -Output Statements
. ,

e
This is tile section where tile student is ,first introduced to the concept

t,.

of format. FOTRAN format seems to bfa necessary evil. No -other language

has. relied aS heavily on'use of format codes as haS FORTRAN-. SimpliAed

input -oaput'statements Which avoid the explicit use of format codes have,
-..,

,, , ',. ,\ , N % .

unfortunately, not been available.in_mot,FORTRO implementation*. Toichers
, ,

ri
in the computer field have,for this reason, long complained of this aspect

D11.

<

A

,

of teaching FORTRAN--but to little avail. On a more positive note we must'-

be quiceto point out that great flegibility for controllirig the precise, forms

of data inpul and desired output'is the reward for mastering the use of format

code.

13
r *
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TF2- 2

,Wd teach only a few of its details at first, in order to focus,on the

main ideas
A

FormAt code is another. language-2embedded in the FORTRAN language- -and

this appears to be the main tea4ing difficulty. Fermat language is used to.'

describe information patterns consisting of groups of characters called

fields and groups of,fields called records, which are normally cards for

input or printed lines for output. It is desiriptive.rather than active.

Most FORTpAft,statements are imperatiles. So format code is pOpplied in a

declaration which is then ,consulted during the execution of the imperative

READ or PRINT statempnts.

Enlarged pictures of cards'and printed lines as vidiaalaids might well

be employed here to good advantage in classroom exposition.

E-fields

It is helpful for you to, know, but not necessarily for the student to be

concerned with at this point, that an alterriatiffe form of input and output

using,"E" notation is-available. An E-field code like E15.8' might,be used

to input and/or output Avogadro's number as shown in Figure TF2-1.

READ 10, AVGAD

PRINT 10, AWAD

:10 FORMAT (E15.8)

Figure TF2-1. Illustrating Use of an E-field

1 s
9

A

o
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TF2-3

Exercises F2-3 get A

Di,scu4ion
. J. .

When assigning these exercises you may wish.to suggest that all the

students use the same data values beAusp in exercises of Set_C of this

section the students may want to compute results for later. comparison with
1

computer output to be d eveloped with the exercips in Section"F2-7. One pet

of suggested data values is givenrhert.

For Exercise l'uses T = 3.967 J I-

C u
n = 20, i,f= 3, aind j =

3 43' a = 3.0 b c = -2.5, d = 1.5, and x = 2.0

Answers

7#0. In Box 1

" I 4' " u = 12:5 and v =.2.0-

5 " A = 4.14, ,kg.2.01,

" r 10.0, ,s = 9.0 and. PHI = 1.11977 (ail.ctine of 1)
lo

T

READ and FORMAT Data Card Picture

READ 10, T

10 'FORMAT (F15.8)

4.

15 -ao 43 60

1

4.-
-i-

P,, ./ a3A1 4.0 -2.51' 1.11 1

i

I
. 1

a,b,-C,d,x .READ 12,:A,B,C,D,X i
1

: ' FORMAT (5 F15.8) a ,1 b c: I 4

t , .
READ Z., U, V

13 FORMAT (2F15.8)

r3

d'
x

75'
4

2.0
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4

Y READ '13,, A, Y

13 FORMAT (2 F15.8)

6. r,s/PHI V 'READ 14, R, 5, PHI.

FORMAT (3 F15.8).

Answers to exercises F2-3 Set B

In the following answers the format numbers which were chosen are

purely arbitrary.

1. PRINT 51,,A,B,J,K,L

51 FORMAT (2F15.8, 3115)

or alternatively, though less desirable,

51 'FORMAT (F15.8, F15:.8, 115,,115, 115)

2. PRINT 52, A,B,C,J,K,L,A1,B1,C1

52 FORMAT QF15.8, 3115)

c

3. PRINT 53, IKE, JAK, BAKER, CHAELY, D,B

53 FORMAT 4F15.8)

Comment
7*

In Chapter we w1 expand this subjedt further and consider some,

..more complicated problems. For example, suppose in Exercise 3, the list

Contained a/seventh item which is real, like T.

Now the format (2115,y4F15.8) cannot be reused to print the valueof

T on the second line. Nor may we writ% (2115, 5F1548),-_ because thi;

format you'd suggest 7 items per line, each 15 columils wide. This

corresponds to a line width of 105 spaces. We have, however, agreed to

limit line widthsto 90 ,columns in -this exercise.
. ,

- /
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Thq en -record symbol, whin is' a s

Chapter 4 Its ;.itprmits xls to write a. ff

prlhtea lines differing in format, or two o

in format. t

, tt.

Thus, we will bettable to handle the p

PRINT.- 54, IKE,'JAK,

54 FORMAT (2115, 4115.8

Answers to exercises F2-3 Set C

1.

2.

Ta

t

1.

In Box PRINT and FORMAT

4 ,

Z . PRINT 20, Z

20 FORMAT (F15.8) i'

,

'II.

2 , PRINT 21, L

21 FORMAT (1151

,Z PRINT 20; Z-

20 FORMAT (F15.8).

1PRINT 20, Q

FORMAT (F15.8)

t

X ,PRINT20, X

'20 FORMAT .(F15.8)

A

;

AREA . ' PRINT 26;,AREA

16 20 FORMAT (415.8)

ash ( /), will be

rmat to describe

more input,data

I -

oposed extension by1\writing

, CHARM, D, B, T '

5.8)

introduced \in

two or more

cards differing

Appearance of Printed Result',
(Actual value

0

6.46700000

4

44

36.50000000,

A

L4.00000swo

0..49114185

5.87255xxx

Accuracy to 8 decimal places is not worth requiring of the student.

3 or 4 place accuracy on all results is sUfficient. ,The important thing is

e

12
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k

that the student rpalize'thatl.the
F15.8 field'code will cause the Ompter

to'print 8 digits of the result to the right of the decimalpoint. In the"
next set of exercises we will" ask the student to verify these hand- omputed
values on the computer., $

Answers to exercises'F2-4 Set A

1. , To express A
3/2

(a) 'ABSF(A .1.5)

.

(b) (A *';'(3)-**
(='

(c) /SQ,RTF.,(A**.3)

(d) ABSF(SQRTF(A **3))

(e) ( ** 1.5)

(f)

(5)

ABSF(A) **'1.5,

SQRTF(ABSF(A** 3))

ABSF function is unnecessarybecalls

is known to be positive so A
3/2

mu t

also be positive.

'0.K., but expensive,computationally,.( ill

reqUire log - antilog procedure):
ri

0 ;

This is the best way. (Requires the 1 a

amount of computation.)

ABSF- function iS,unnecessary.

O.K., but expensive (requir.e the loge

antilog process). .

ABSF function unnecessary.'-Also, it

requires log-antilog process. 1

q
ABSF function unnecessaryerwisei

5' as good as c.

2. Only f or "'g, would be satisfactory` iii expreds
1A13/2: is

preferred because it avoids the log- antilog process. Another altVr-

native would be SQBTF(ABSF(A) ** 3).

d

o r,

18
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Answers jo exercises Y2-4 Set B

4

In he three incorrect statements below we see that the first and third

rrected.Withoui ambiguity. The second statement may be corrected

in one two ways, but neither can be said to be preferable.

1. T = 13* - A should be T = B*(-A)

but

2. .,F 1b/-3 + 4 may be corrected asTs
F'r C/(-3) + 4

or as F =C/(-3 +

can be c

ilaray

3. G = A + B* (C* - F/D) may be corrected as

G = A+B*(C*E,-F)/D)

or 'G = A+B*(C*(-F/D))

s to exercises F2-6

1. lb) and (d) are invali (mixed mode).

(c) 'should read Y = LOGF(SINF(F))

"d)---sh6Uldre = J + 1

2. 4 = EXPF(Z ** 2*(A4*Z + A3))

Avoids log anti-log for powers of Z.

Factors out Z
2

from subexpression to save 2 multiplications.

6

3. IPART = V

0,

4. IPART = V

FITNP = IPART

FPART = V - FTHIAIKP

0 .1

4
.

These in-general
will yield differ-
ent results.? >

(

/

1

ThesS are compu-

tatiohally
equivalent.

1

5. RINTV = MTV

6. They are not the same. The box that's needed' is
.

J (-T1ItiNK(I/K)

4

19
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Answers to exercises F2-7

1. Label Statement or declaration

10

READ 10, T,

FORMAT (F15.8)

Z = 2.5 + T

PRINT 10, Z

GO TO 1

2. Label Statement or declaration

1 READ 11, N, I, J

-11 FORMAT (3115)

= n*(I-) +.L

PRINT 21, L ,o01/4.

21 FORM. (115)

. GO TO 1

END

6

Note: the PRINT statement may opti ly refer to format number 11
which would-be equally suitab ,Le here, thereby reducing the number of

execution will terminate steer OiritYng L, because the_lis is'then

formats needed. in this program.' If form 11 were used TOr ing,

exhausted of items in spite of-th4 fact that the governing format 'would
et

have allowed up to three itensto be printed per line. The ire comment
apiolies' to the answers to the remaining programs in this set. #

3. Label:

1
,

12

20

Statement or declaration

READ 12, A, B, C,4 X

FORMAT 45f15.8)

Z.= ((A*X + B) * X + C) * X + D

PRINT 20, Z

FORMAT (F15.8)4

GO TO 1

END

.1Q 0

r
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4. Label Statement's or dec ration

'1 READ 13, U, V

13 FORMAT '(2F15.8)

Q -.-"SQRTF((U - Y5)*V).

PRINT 20, Q

20 FORMAT (F15.8)

G0 TO .1

END.

5. Label Statement or dedlaration

1

13

20

REA.0 13, rp,

FORMAT (2F15.8)

2. /(Y + A/Y)

PRINT 20, X'

FORMAT (F15.8)

GO TO 14

END ,,-

Label 'Statement or declaration

1 READ 14, R, PHI

14 FORMAT (3F15.8) '

RSQ = R*R

AREA 344159/2. * RSQ

-(S.* SQ.RTF(RS4 S*(S) + RS4*PHI)

.PRINT 20, AREA

FORttl4F4
GO TO 1

END

\

it
1 --

o6

.

'

The digit IA in this' column is called a "continuation code,' When a .

,statement or declaration is tob long to tit conveniently on one line it

may be continued on succeeding lines. Each of the succeeding lines, if.

there are more than one must be marked with a non -zero !igit.' The
At

maxim= number.of lines permitted for one statement or declaration is

not quite standard. Most FORTRAN implementationsuperMit IT to 10. You

can double cheek this limit with a reference manual for your situation,

although it's not likely to be an important matter.



7 NUM20` PRICE/2000

I

C

C

410

T

51

4

ve

Statement.or ci'eclaration

r

CARNIVAL WHEEL MODEL

(LET NS =THE INTEGER S.)

(LET NP = THE INTIEGER P.)

READ 51, NS,, M

FORMAT (2115)

NS 1- (M + NS) - ((M + NS5/32)*32

'COMPUTE COLOR POSITION,

(M + NS) MODULO 4

K = (M + NS) - UM,+ NS4/4)*4

COMPUTE PAYOFF, VP.

NP = 20*K - 30

/<" PRINT 51, NP'

GO TO 1 ,

END

4

r-

22
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Chapter TF

. BRANCHING AND SUBSCRIPAD VARIABLES

t.,

Introduction

ot,

When the student has mastered the, flow chart text rbr Chapte 3 and this
, . " 4

companionFORTRAN, he is fully equipped to solve computatioial'problemms of
0

essentially any comp}eXity. All'the_basic programming tools are at nisi ,-i?`,
..,. disposal, Much oethe material in subsequent chapters falls in the category

a
of importantrefniements, Shorthand techni.ques, example applications and

.
.

. 0special concepts., That yes why it is very teuting, upon,completion'of this.,
. .

. chapler, to tarry and, solve a large number of problems. We avoid this temp-
.

tationas much as,possible, because the refinements to be intrduceT ineach

osuc-ceeding chapter make the solution of1problems increasingly evizemand ter-
.

esting. We expose'the stt.dent to relatively few applicationp here. ercises
.,

,

involving algorithms emphasize analysis mainly rather,than synthesis. The
. ,,

shift to synthesig is a gradual process which is accelerated in Chapter-1T.,,
. P

A

' : The two fundamental ideas of Chapter 34-branching and subscripted varia--

ties are-mirrored rather easily"in,the Chapter.F3,_requiring few pew ideas.
.

For branching the IF statement is used in FORTRAN. Although its form
.

permits three-way.branching, it is used primar,ily for two-way decision mak4ng.

The expression being tested is always algebraic rather than relational or
.

tl.....01.ogical in lue*. Consequently the SOuden must learn how tOrecastarelation -

likes

into a fo

Graded exercis s-are used to give the student the practice he needs.

The new 32ttli.li;ssociated with subscripted variables is, that the programmer

has the "responsibilite and must declare how much.memory-space is to be - !,)4
1.K

-

ialocatedfor,each vector or array employed in a FORTRAN program. This is

done through the DIMENSION declaratton..

B, ,true or false

A B, less than zero or not less than zero ,
k",

,1

1.
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-

Outline of Chapter
..

,

F3-1 TUe conditional IF statement.is introduced. 'Examples.and exercises

de'44.op the relationship between flow chart boxes. escribing the
;

daaision, or branching'action and thelkRTRAN equiv lent.
1

arise the IF' statement is in the forM of a thkee::way branching
R

/

tool, and beclause we--want first to learn ho* to program simple

..'(two-way) condition.boxes,the first task iS that of leaAling how

the statement"maybe used in two-way decision making.

In the IF statement, expressions are tested not for true or falss,'

but for ess than zeroleqUal to zero or greater than zero. So the
j . .

student isgtaught here how to convert or transliterate logical ex-
!

pressions (true or false) into'arithmetic.expressios whose values

may be < 0, = 0,
4 1P

or > O.

At the end of this section another topic in FORMAT is' treated.-
, -

The H-field code is introduced to show howa flew chart04boilike

A

can be coded in FORTRAN. H-fields mixed with or F-,fields in

format code prtit the output of numerical results to nd ,intersperied.
.

with annotation, coMments,-messages, names, etc. Printer carriage

, control is phownt,o be easily accomplished with one-space, H-fields

like 1110, 1H1.

/

F3-2 Since the flow chart text, covers the subject of auxiliary variables in

,a Way that carries over to FORTRAN in a straightforward'fashionithis

section consists only of one example program plus exercises. '

F3-3 The transliteration.of compound condition'box&-li.om.,flow cnart to
. .

FORTRAN IF statements explained and illustrated. ,Many -way condition

boxes can also be transliterated as a series of IF statements. Occa-

sionally the three -wait derision power of the IF can be taken advantage

at in such transliterations.

440

,20



F3-4 SinTe no relational symbols (Operators) like

F35
t

1

are available in FORTRAN II, there is no need to consiA-r'the

of precedence levels for such operations.

The FORTRAN forms for writing. subscripts and singly

variables intro The DIMENSION declaration
1 .

space for one-and two-dimensionai arrays is.explaih

The notation for.input-output of vector segments is

out explaining the notation
-

as an implied DO-loop).

F3-6 Everything said about singly-subscripted variables

question

-substripted

for allocating

ed 'and ilIUstrated.

introduced (with-

in. F3-5 is repeated

Afor doubly-subscripted variables. The input-output array segment0

notation is also introduced (but, again, not explained in terms of

The student is asked,to work numerous exercises throughout the chapter,

DO-loop concepts).

which involve
. .

preseried as

c

construction di FORTRAN programs froffi corresponding flow charts'

examplei or developed as exercises in the flow chart text.

,t

2J
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Answers to Exercises F3 -1, Set A

1: Statement 20'

J2. Statement 30

3. Stternent 20

5.

6. IF(X) 10, 10, 9

7. K > 0

t3'1' X --t$.4 > 0

9. Y - 4.2 < 0

10. A - B < 0
11. X - Y --

12. X +- 5 - Y #Q

Answers to Exercises F3-1 Set B

1. IF(W) 8, 8
2. IF(J) 10, 6, h

.IF(K 4) 30, 3.0,

4. 'H(x -- 9.7) 37, 37, 20

5. IF(I J) 16, 15., 16
6. IF(A + B - 0) 5, 5, 9

1*

Answers to Exercises F3-1 Set C

1. PRINT 20, X, Y

-FORMAT(5HoXor,o,F10.3, 311bYo.-of 710.3)-

2. PRINT 21, X

2.. FORMAT( 1119? F10.3, 18B.LISIDTHEMTALUE0OF0X)

'3. PRINT 22, I, J, X

22 FORMAT(1H0,2I6,5HoXo,o, F10.3) a

4. PRINT 23

23 FORMATt1H1FOURoSCORE0ANDoSEV4NolrEARS0AGO)

22 26

,oe



a

, Answers to Exercises E3-1 Set D

.

Lab -1 tatemeneci-deralrat6li
READ 2098#C,0tff
FORMAT (4F15':8)
PRINT 20,6,CoDtX
IF ',(81C) 595.4
PRINT 21,D

21 FORVA,T (F20.8)
TOP

5 PRINTr21X
TOP

END.

a

bet Statement or"declaration

READ 20 of39CIDsX
20 FORMAT (4F15.8)

PRINT 20,13eCiDtX
fF (-DC) 4,5,5

4 TC-118 +D*X
0 TO 6

(5 T= DC
RINT 21sT. -

'21 FORMAT (F218)
TOP

END

'

3(a); Label' Statement or declaration

READ 200,CoDoX
PRINT 20,8,C,D,X
FORMAT (/4F15.81
T=B+C
U=13*C*D
IF (TilT+XtX-0).-- 7,7,5

5 W=T+U
PRINT --21,W-
STOP -

r 7 W=UfU.'----

PRIM 21oWtY.
STOP

21 FORMAT (2F20418) ".
END

27
23

,

#-

173-1



0

Label Statement or declaration

READ ZO,B,C.,D,X
PRINT 20039CliDX

20 FORMAT (4F15.3)
IF ( (8+C )**2.+X-*X8*C*0 ) 7+'7s5^

W4C+B+E*C*D
PRINT 21 941
STOP

7 W =B *B *C *C *D *D

Y= ( (3+Z )**8

PRINT 21,410
STOP

23. FORMAT 02F2C8
END

4. Label

4

Statement or declaration

1

15

3

4

5

READ 15,J0,Ni-
FORMAT ( 3 /1.59 F20.8)

IF (MN) 4,493 -
SUM = J +M
GO TO 5 -

SUM= J+N
PROT 15,J,MoNsSUM
GO TO 1

END

'..

Label Sty,: ement or declaration

EAD 2 oBC
RINT 258 sC

. 25 dRMAT ( 2E15.8 )

F (13) 5095
=C/8
RINT 26,X

26 ORMAT ( 24H. THC ROOT 'OF fl*X+C=C IS 615.8)
0 TO 1 V

4 I'F ( C ) 7,6,7
7 R INT 27

C T AT EMENTS 6 AND 7 HAVE EMP TX OUTPUT LISTS
27 FORMAT (20H 8*X+C=0 HAS NO ROOT)

0 10 1
6 R INT 28

2$ FORMAT (36H EVERY REAL itIUMBER , SA7 ISF IES Et*X:C=0)
0 TO 1 1

END



Answers to SlterCises Set

1. Label Statement-or declaration
SUMALL r1-7 S'A$

NCOUNT = 1
READ 20., T
FORMAT( F10.5 )
SUMALL= SUMALL + T
NCOUNT NCOUNT + 1
IF(NcOUNT - 100) 2, 2, 6
PRINT 21, SUMALL
FORMAT (10Ho_SUMALLo4o, F1275-)
ESTOP

END

'2 Label Statement or declaration
SUMCUB = 0 .

NCOUNT =°1
READ 20, T --
FORMAT(F10.5)
SUMCUB = SUMCUB + T*3
NCOUNT = NCOUNT + 1
IF(NCOUNT - 100) 2, 2, 6
PRINT 21, SUMCUB

FORMAT(10110SUMCUBm=o,,F18.5)
STOP
END

3. Label Statement or declaration
SUMNEG = 0
NCOUNT = 1 -
READ 20,T
FORMAT (F10.5)
IF(T) 4, 5, 5
SUMNEG = SUMNEG + T
NCOUNT = NCOUNT + 1 0

IF(NCOUNT - 100) 2, 2, 7
PRINT 21, SUMNEG
FORMAT(10HoSUMNEGo=o, F12.5)
STOP
END

v.
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4 label Statement or declaration

SUMALL ..0
SUMCUB = 0
-SUMNEG . 0

NCOUNT =
2 READ 20, T

20 FORMAT(F10.5)
SUMALL = SUMALL T

SUMCUB .'SUMCUB + T**3
IF(T) 5, 6, 6
SUMNEG = SUMNEG + T

6 NCOUNT = NCOUNT + 1
IF(NCOUNT - 100) 2, 2, 8

8 PRINT 21, SUMALL, SUMCUB, SUMNEG
21 FORMAT(10H0SUMALLo=o, F12.5,

10H0SUMCUBc.o, F16.51
10H0SUMNEGo=o, F12.5)

STOP
END

5 Label Statement or declaration

2

20

21

CUMSUM = 0
NCOUNT . 1
READ 20, T
FORMAT(F10.5)
CUMSUM = CUMSUM + T
PRINT 21 CUMSUM
FORMAT(18H0CUMULATIVEGSUMo=o,
NCOUNT = NCOUNT + 1
IF (NCOUNT - 100) 2, 2, 7

STOP 5

it

Rj

2d0
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6. Label Statement or Declaration

C BADMINTON OR VOLLEYBALL-
= 0

ISTATE = O.
ISCA = 0
ISCB,= 0

2 IF(I 100) 3, 12,
3 READ 101, T

IF(T) 6, 5, 5
5 IF(ISTATE) 8, 7, 8
7 ISCA = ISCA + 1

11 I = I 1°

GO TO 2
8 ISTATE = 0

GO TO 11
6 -IF(ISTATE) 101 9, 10
9 ISTAtg= 1

GO TO 11
10 ISCB = ISCB + 1

a.
GO TO 11

12 IF(ISCA - ISCB) 14.13, 14
13 PRINT 102, SCA

1)(
STOP

14 IF(ISCA - ISCB) 16, 16, 15
15 PRINT 103, SCA, SOB.,

STOP
16 PRINT 104, SCB; SCA

STOP -
101 FORMAT(F12.5)
102 FORMAT(10110TIE0GAMED;I614HoALL)
103 FORMAT(14HPLAYERoADWINSo,I6,4H0T0o,I6)
104 FORMAT(14HPLAYER6B0WINSe,016,4HoT00, 16)

END
,

Answers to Exercises F3-2 Set A

1. Label ° Statement or declaration

C

2

C

, 6'
101

FIBONACCI SEQUENCE USED th) PRODUCE RANDOW NUMBERS
LTERM ='i '
NLT = :0

I =°1
"IF(I - 11/)°3, 6, 6
1COPY-= LTERM
LAPPING OFF ALL BUT RIGHTMOST THREE DIGITS 1, ,

LTERM= LTERM NLT - 1000 x (,( LTERM +-NLT)/1000)
NL%\= . 4

&

I = I -+ 1
IF(' 17) 3, 4, 4
PRINT -101, I, LTERM i"
GO TO 2
STOP
FORMAT(2I6);
ElID

2731
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4.

Label .Statement or declaration

C

8

lbo
101

THE TWOSUM PROBLEM

I = 2
READ 100, TNEW
TWOSUM = TNEW + TOLD
PRINT 101,.TWOSUM
TOLD= TNEW
'1 = I + 1

IF y - 100) 3, 3, 8
ST P
FORMAT(P15.8)
FORMAT(10HoTWOSUM0=0,F15.8)
END

3. Label Statement or declarati

C THE ALTSUM PROBLEM
READ 100, TOLDER
READ 100, TOLD
I = 3 /

READ 100, MEW
ALTSUM = TOLDER +1216
'PRINT 101, ALTSUM
TOLDER = TOLD
TOLD =INEW
I = I + 1 .

IF(1. - 100) 4, 4, 9

9 STOP '

100 FORMAT(F15.8)
1Q1 FORMAT(10HoALTSUM0=o,F15.8)

END

Label Statement or declaration

C

5
6

.7

8

9

10

11

13

100

101
102

MOVING AVERAGE,.

iqw 100, K
READ 101, TOLDER
READ 101, TOLD
I = 3
READ 101, TNEW,

IF(I -.K) 7, 8, 8
TOLDER = TOLD
TOLD = TNEW
I = I + 1
GO TO 5
IF(TNEW - TOLD) 9, 10, 10

AVERGE = 0:5 * (TOLD + TOLDER)
GO,TO 11 6

4

AVERGE = (TOLDER + TOLD + TNEW) /3.
PRINT 1025 AVERGE
IF(I 100) 7, 13, 13
STOP
FORMAT(16)
FORMAT(F15:8)
FORMAT(12HaAVERAdEctSo,F15.8)
END

4

4

28 ,.
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5: Label Statement or declaration

THE REGIONS TABLE" .-
PRINT - 101
N O
IA = 1
ISUMA = 1
IB = 1,-

'sump = 1
IC =I
PRINT ,102 N, IA, 113,-IC
IF(N , 15) 5, 5, 6 or"

IC = ISUMB + 1
1IB = ISUMA + 1
IA= IA +1

= N + 1

ISUMB = ISUMB + IB
ZSUMA = ISUMA + IA
CO T0,3

6 STOP
101

FbRMAT(241100(300Noo000A000o0B0o000C)
102 FORMAT(4I6)

Answer to,Exerc se F3-2 Set B

Label

14.

5
6

11

7
8

9
10

. 100
101

1

Statement or declaration

100, KC, KD
KA KC
KB 10
IF( - KB) 5,
kR =1CA

GCL: 11'`"'
IF(

KR = KB/KA*KA
KB =
KA

GO TO

IF(KB) 9, 8, 9
KX =
GO TO 10,
IQ( = 10-KD/KB

PRINT 1i?1, KC, KD, K!{
STOP
FORMAT( 16)
FORMAT1 0,316)
END

) 6, 7, 6

33'
29
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----ArISVreit----6-6laiiCiiee F3:2 Set C

1. Label Statement or declaration

1 READ 200(1,Y1,X2tY2
PRINT 200(1,Y10(-2,Y2

20 FORMAT (4E15,)
DIST= SORTFC(X2X1) **2+(YI-X1)*A-2)
PRINT 21.bIST

21 FORMAT (21H THE LENGTH OF PO IS F1540).
GO TO.. 1

- 2 1,be] Statement or declaration

EAD 20)X1,Y10(2,Y2
RINT 2i),X1.111,X2,Y2 .

ORMAT (4E15.3).
IF (X2-X1) 4.6,4
=(Y2-Y1i/IX2X1i
RINT 211PS

21 ORMAT (2011 THE SLOPE OF PO IS '40.3)

0 TO 1
4

6 PRINT 22
22 FORMAT (29H NI IS PARALLEL TO THE Y AXIS)

0 TO 1
ND

14111 - ,

.r-

. Label' Statement or declaration

READ. 200(1tY1 ia21,.Y2
PRINT 200(1oY19X2tY2,
FORMAT (4E150) (1

READ 20.DELX
PRINT 24, DELX

4 FORNAT(8HoDELX0=c1F15.3)
IF (X2-..)(1) 5,8,8
S= (Y2-Y1)/(X2-W
DELY'IS*DELX
PRINT
FORPAT (8H DELY = F15.3)
GO TO 1
IFODELX) 9,10,9
PR/NT 22,
FORMAT (21H NO SUCH VALUE EXPSTS)
GO TO 1
PRINT 23
FORMAT (24H ANY REAL NUMBER WILL DC)°
GO TO 1
END

3034-



Label Statement or declaration

1 READ 20,X1sY1lX2,Y2
PRINT 20,X1,Y1,X2,Y2

20 FORMAT (4F15.3)
REAL` 2C,DELY
RINT 24, DELY

2. P_ORAAT(8110DET., Yo=ED.F15. 3) ..fir; IF (Y1 Y2) 5,10,5
5 IF (xr....)(2) 619,6
6 S= (Y2 Y1) /(X2 X1)

D,ELX= DELY/S
8 PRINT 21,DELX ,

21 FORMAT (8H DELX = F15:3)'
GO TO 1

9 DELX=0
GO TO 8

10 IF (DELY) 11,12,11
, 12 PRINT 23
.23 FORMAT (24H'ANY REALNUMW WILL DO)

GO 1,0'1
11 PRINT 22
22 FORMAT (21!( NO SUCH VALUE EXISTS)
o GO TO 1

END.

Label Statement or declaration

EAD 20,X1,Y1,X2,Y2
RINT 20,X1,Y1,X2,q2
ORMAT (4F16.3-) -

EAD 20sX!
PRINT 24, X

24 FORMAT(5HoXo=015.3)_
FF CX1X2) 5;805
='(Y2Y1)/(X2XL)
= Yl.+S*(Xq)"
RINT 211Y. -,

21 ORMAT (5H 'Y =.F.15.3)
b TO 1

8 IF (XX1)9.1009
1

4
9 RTNT-27--

22 ORMAT (21H NO SUCH VALUE EXISTS)
0 TO 1
RINT' 23

23 ORMAT (24H ANY REAL NUMBER WILL DO)O, TO 1

END



dec aration

0

24

21

9

1

11

22

12

2

REA02.0tXr0Y10X2,Y2
PWINT-20,X1,Y1,X2,Y2
FORMAT (4F1'Set)
READ 20,Y
PRINT 2)+, Y
FOMAT( 511 0Y0 =0F15 3 )

IF, (Y1 Y2) 5,10.5
IF (Xi--X2) 60996(
S=(Y2.1111)/.(X2X1)
X= X1+ (Y Y1) /S

21,X
FORMAT (5H X = F15.3)
GO TO 1
X=X1
GO TO: _8
dF (YY1) 11012,11
PRIM' 22
FORMAT (?1H NO SUCH VALUE'EXISTS)
GO TO r
PRINT 23
FORMAT' (24H ANY REAL NUMBER WILL Da)
GO T0,1 .

3r-

END

7. babel Statement or declaration

REM, 200XI.Y1,X2,Y2
0

PRINK 200X1.0Y1,X2,Y2
FORMAT (4F15.3)
IF (XiX2) 3,11i3
IF (Y1 Y2)' 4,904
PRINT 21
PRINT 22, Y"..

GO TO a
S=('Y2 --Y1)/tX2-.X,1)

XINT= X1 111/S
VINT = ..-S*I1NT

PRINT 23,XINT
PRINT 22,YINT

/ GO TO 1.
d 11 PRINT 23,X1'

PRINT 24
GO TO 1

_11 ORKAT--(19H-PODOES.NOT INTERSECT XAXIS)
2 FORMAT (16H '(INTERCEPT IS F15.3)

FORICIAT '(161-1 XINTERCEPT IS F15.3)

2 FORMAT (29H P9 DOES NOT INTERSECT Y AXIS)
EN9

'0

32 36
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. Label Statpkent,or declaration

1 READ 2t,X1,Y1,X2,Y2
PRINT 20,Y1,Y1,X2,Y2
FORMAT (!F15.3)
IF (X1-X2)3,11,3
S = (Y2-Y1)/(X2-X1)
XINT = X1 -YliS

YINT = Yl-S*X1
IF (Yl*Y2) 7,10,10
PRINT 21
GO TO-8 n

PRINT 23, XINT
IF (X1*X2) 9,12,12
PRINT 22) YINT
GO T 1

PRINT 24
G0 TO 1
XINT =
GO TO 6
FORMAT 29H PQ DOES'NOT INTERSECT i-.AXIS)
FORMAT ,16H Y- INTERCEPT ISF15.3)
FORMAT (16H X-INTERCEPT IS F15.3)
FORMAT (29H PQ DOES NOVATERSECT4Y-AXIS)
END

otO

;37

33
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Answers to Exercises F3-3 Set A

1. Label Statement Or declaration

2IF
11.0-X) 2,2,30

F (X-70)120,20,-30

2. Label Statement or declaration

IF (7.0-0) 20,2,2
2 IF (7.C7R) 210,30
3 IF (740-S) 20,3043(:),

3. Label Statement or declaration

IF (1.7 -X) 2,30,30
2 IF (X-8.41 3,30,30
3 IF (-349-Y1 4,30,30
,4 IF (Y-5.4) 20o30,30

14'a)Lapel Statement or deelaration-

2

3

IF
IF
IF

(X11'30,130,2
(0.5*X1 -Y1).
(Y115,..0*X1)

3,30930
20,30,30

's t'
4(b) Label Statement or eclaration

IF (X1) 5;30,30
5 IF (2.0*Xr-Y1) 600,33
6 IF (Y1-0.54;X1i 2003'10130 it

4(c) Label Statement or deelaration

' IF (vi)
. 2 IFt(0.5*Xl-r-1) 3,30,30

5 IF (Y1-2.011-520,00,30
5 IF (2.1:4-X1-Y1)-63000

*6 IF .(Y1 -- .571X }}' 2000910

5. Label

2

Statemerp,ordeclaration

1

IF (X1Y:3(1930,2 .1'z

I,:ti'll 3b0U,3
IF (Y1-I-r.6667*X1+2.)/ 20,1006

1

6. Label Statement or declaration

211

IF (X1-3-.14159) 2,2;30

IF (r,..5*(3.141$9--X1)-7Y11' 1030-0

. IF (Y1-'SINF(X11),--20,20,30,%
li, r

7. Label 7-Statement otoOt.laration

IF (Y1) 30,30,2
'2 IF.,(Y1 - (-4.0 * xi + 16.0))30,3,3

3 IF (Y1 - (4.0 * X1 - 12.0))30,20,20

,
34
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, I
,Answes to Exercises Laza ,Set B

i N

1. IF( I - 7) 2, 10, 10

10 IF( I - 20) 3, 3;4

2. .IF(W - A) 1, 10, 10
.

10) . IF(W = (B - 2)) 2,'11, 11

11 IF(W - C) 3, 3, 4
go ...

......____

Label Statement or declaration

F

,0 .

/

.41

12
,

20
21

22
23
24
25
26
27

0" t.` t . t

READ 200(1Y1tX29Y2 i

PRINT 200(1tYltX21Y2 :.'

IF JX1) rtri,417
IF(Y1) 9,6,8
PRINT 21
60'TO 1
PRINT 26

TO 1
PRINT 22
G TO 1
RfNT,25- ''..

IF (Y?) 1.13.1

,

PRINT,27 '.

GO-TO 1 ,...

IF (Y1) 12.6.11
PRINT 23 ' .

40

GO TO:1
PRINT 24

I
GO TO 1
FOR$AT (4F15.3) .,

FORMAT (2H 1)
FORMAT (2H 4) .--

FORMAT_(2H 2)
3) -

P LIES ON THE YJ'AXIS)
P LIES ON THE, X- AXIS.)

FORMAT, (2H
FORMAT (21H
FORMAT (21H
FORMAT (35H
END ,

I

.

1=1

P IS THE-ORIGIN)

-39.
35 -

t

0
A.

V

S

TF3
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4. Label 'Statement or declaration

C

.

-1

51

40
41
42

ARNIVAL WHEEL MORL
READ 51,NS!M
FORMAT- (21'5)

K=M+NS.- ((M+NS)/4)*4

IF (K) 410,41
IF(K -1) 42,6,42
IF (K-2) 7,7,8

5 NP=-2r,
GO TO 9

6 NP='-30
GO TO' 9
P=0
GO TO 9

8 P=50
9 PRINT 51,NP

0

0 TO 1
D'

Comment: For more effiV.ency we,could use just twd IF statements.

Statement 40 would be removed. Statements 41 and 42 would be

41 tFK - 1) 5, 6, 42

42 IF(K -'2) 7, 7, 8r
We use the first IF'as ,a three-way branch here.

V

-- 36



F3-4 Precedence Levels for*Relations

TF3

In more advanced versions of FORTRAN, especially FORTRAN TV or variations
of i, relational operators can be used in an IF statement called the "logical

IF" as distinguished fromOthe one discussed in this chapter which is usually'

called-the "arithmetic ;F."

41n thellogical IF one could Write for example

which is equilValent to

IF (A .LT. B) GO TO 5

a s.

-^

a

Here the character group;: LT. means is less.than." Other character

groUpings are used todesignate the Xive otrler relational operator symbolsr-
A

4

all'of which are listed here.

< =
.-

> .. >

.LT.. .LE. , .EC .NF: :GT. .GE.

As another 6cample;,..One could write

IF(A**2 C**2)PRINT 514A.

which is eil.0.1.411ent,to

mo

A
o

Precedence evels for these relational operators are exactly as-described
. 1

in Seation. 3-4: -

es

34 I.
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Answers to Exercises F3-5 Set A. _

1. 'X(5)

2. X(J)

3. CHAR(I) use upper case for letter i.

4. B(I + 2)

5. X cannot be used as a subscript since'it is not an-Integer variable.

6. Z(54(-I + 2)

7. I + Jf is an invalid 'form for a subscript expression (variable 1 -;

variable 2 not allowed). -

1

8. -4 not valid; only unsigned integer constants (non -zero) are permitted;

9. XYZ(IXY)

10. -5*J would be an invalid subscript expression. An unsigned integer

constant (non-zero) is Called for in this-.

Answers to Exercises F`5 B

'1. DIMENSION A(50)

- READ 5, (A(I), I = 1, K)

2. DIMENSION B(125)

READ 64. (BM, J = 5, N, 2) P '
k4

3. DIMENSION A(50), B(50) ...

READ (A(1), .1 = 1, N, 10), (B(I), I = 10, N, 2))
i-

Oat

38"
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Answers to Exercises F3-5 Set

A
4

. .Label Statement or declaration

C ARNIVAL WHEEL WITH" SUBSCRIPTS
IMENSION NP(4)
EAD 51,(NP(I),I=1,4)
EAD 51,Ns,M

51 FORMAT(2I15)
.=M+NS - ((M+NS)/4)* 4

, PRINT 51,NF(K+1)
0 TO 11
END

2. Label Statement or declaration

C IGURE 3-'29
IMENS1ON B(100)

I=1

IANY=0
READ4aptC

4 20 FORM (F1005)
READ 210(8(1)91=141004

21 FORMAT(7F16.5)
4 IF (B(I)-C) 5,8,8
8 IANY=1

PRINT 22,I,BII)
22 FORMAT(I5,'10.5)
5 I=I+1

IF (I-100) 4,4,7
7 IF (ZANY) 11,10,11
10 PRINT 23
23 FORMAT (5H NONE)
11 STOP

END

1r

43.
39



3.. Label Statement or declaration

1

C

3

C

7

6

100
101
102
103

1

rc4

FINDING THE ACTUAL DEGREE OF A POLYNOMIAL
DIMENSION A(51)
READ 190, N
NN= N + 1
NN IS FORTRAN UPPEiiBOUND (ONE HIGHER)
READ 101 (A(I), I = 1, NN)
IF(A(NN)) 6, 4, 6
NN = NN - 1
LOWER BOUND IS ONE HIGHER ALSO
IF (NN - 1)°7, 3, 3
PRINT 102
GO TO 1

N ='NN - 1
PRINT 103, N
PRINT 104, (A(I), I = 1, NN)
GO TO 1
FORMAT (I5)

JORMAT(5F10.5)
FORMAT(20HCPOLYNOMIALMSpEMPTY)
FORMAT(22HpPOLYNOMIALEDEGREEDTS0,15,
31H.0000LbFICIENTSaAREMSoFOLLOWS.)
FORMAT(1110,5F15.5)
END

Answers to Exercise F3-5 Set D

Lab'd1 Statement or declaration

C

100
C

C

3

6

C

5

8

10

11

101
1

ORCHESTRAVILLE
DIMENSION IA (b500)

READ 100,'N (IA(K),K = 1,N)
FORMAT(10I5) -

FIRST DATA CARD HAS VALUE OF N IN THE FIRST FIELD,
THEN UP TO 9 AGES,
K = 1
IF(IA(K) - IA(K+L)) .6, 6, 5
K = K+1
IF(K - N) 4, 8, 8
ICOPY =,IA(K)
IA(K) = IA(K+1)
IA(K +l) = ICOPY

GO,TO 3
MID = N/2 '

TEST N TO SEE IF IT IS EVEN, FOR COMPUTING;MAD
IF(MID*2 - N) 11, 10, 11
MAD = NaD + 1
GO TO 12'

MAD = MID
SUM = IA(MID) + IA(MAD)"
TMEED = .5 * SUM'
PRINT 101, TMEED, IA(1),IA(N)

FORMAT(I5H0MCDIANbAGE0IMI5,
13HoYOUNGESTop0,15,11HcOLDEST0IS0,I5)
GO TO 1 ,

.1.

Note that several named of variables must be changed,from 3f used in
the flow chart in order to designate'ths desired integer or..f3Oas ng,spint

,

modes. .;

A 4. t',
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Answers to'Exercises F3-6

0-

1. Label' Statement or declaration

DIMENSION P(22, 27)
COLSUM = 0 .

I = 1

3 IF(I - 12) 4, 5, 4
4 COLSUM = COLSUM + K)
5
6

- 22) 6, 7,
= + 1 .*

7

GO TO 3

7 PRINT 50, COLSUM,

4.1

2. Label Statement or declaration

2

4

DIMENSION P(22, 27)
J = 1

P(L, J) = P(L, + P(M,J)
IF(J - 27) 4, 5, 5:
J = J I
GO TO 2

3. Label - Statement or declaratibn

2

3

5

DIMENSION P(22, 27)*
J = 1
IF(J K) 3,4q+, 3
P(Lf J) = P(L, J) +, 2.0 X'P(M, J)
IF(J - 27) 5, 6, 6
J = J + 1
GO TO*2

4 541
4..

TF3



4., Label Statement or declaration,

DIMENSION 4P(22,27)
J = 1

2 COPY = P(L,J)

F(,J) = P(M,J) 41

P(M,J) = COPY
IF(J - 27) 4, 5, 5

4 J = J + 1
GO TO 2

5. Label Statement or declaration

3
4

5
6

7
8

10

DIMENSION P(2,27)
I =

MAX = 0

IF(ABST(L,J)) - ABSF(MAX))5,5,4
MAX = P L,J)
IF(J - 27) 6, 7, 7
J = J + I
GO TO 3
J = 1

P(L,J)=P(L,j)/MAX.
IF(J - 27) 1O, 11, 11
J = J + 1
GO TO 8

.k.iN ti
Tit

142
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Chapter TF4

LOOPING

The main sections of this chapter are:

F4-1 The DO statement

F4-2 Illustrative examples

F4-3 Table-look-Up

F4 -4 Nested DO loops

This chaPter'followi closely Chapter 4 of the Flow Chart text.

F471 The DO statement is FORTRANIS somewhat restricted counterpertoof-
44r the iteration box. It is introduced in this section and many of its

limitations are spelled out. to the student. The notion of the range

or scope of an iteration or DO-loop isstressed and, the CONTINUE

statement is explained for marking the end of the scope or range of the

DO loop.,

You shoul check'the refefence manual for the FORTRAN implementation,

F4-2

which you will be using and determine if it is one which always causes

execution of the scope at least once (most common type) or one whi

(like the'iteration box) checks first to see if the DO-loop variable's

initial value has not already exceeded the "final" value. Most IBM

processorb for FORTRAN II fall in the first category. Nearly all CDC

processors for FORTRAN II fall. in the second category, etc. a

-4
Th examples of the iteration,box used for siMple4 10 4s 111

ectio44-2 are mirrored in this section. using DO-loops. Much attention
must be paid to the,problem of getting the student into the habit of

.,.

having all statements within a loop ultimately, lead to the CONTINUE

statement of that loop for guaranteeing repetition. The pitfalls are

described In gOnnection with Figures F4-5 and F4-6.

The. last exercise of Set C brings up a point about the naming of
library functions which was not touched on when these fictions were

first.introduced in, Table F2-2. ,

The ABSF is useful fob both real and integer arguments. But ABSF

43



Tr4

otta

for instance is defined for real arguments only. ABSF(X) for instance

returns a real value. Occasionally we may want to expres's the absolute

value
4,

of an integer variable or expression. To do this we can use the

ABSF function provided the letter X is prefixed to the name,-as

XABSF.

Th0 main purpose of this section, beyond giving the student more

practice in converting flow charts having iterations into corresponding

FORTRAN programs, is to treat certain details on input-output.

These are

1. The use of implied DO-loop notation as, list elements of input or

output statements. This notation was used in Chapter 3 without/

explanation there. Here they are explained as a special shorthand

related to DO statements.

2. The X-field code for format.is introduced and illustrated:

"Details on the nesting of DO loops are discussed by taking some of

4
the flow charts, in, Section 4-4 and showing how these may be coded in

FORTRAN. The doubly-mplied DO-loop notation for input- outpu list

elements is explained in terms of nested DO-loops. This discussion is

daggered to suggest its unimportance relative to the other topics that
o

are covered.

4 0

vr
0e

(a

It

L

4

" 40.



'I s.

Answers to Exercises F4-1

1. Label Statement or declaration

'1

6o

70
5o

DO 50 I . 1, 50

READ 6o, ID, A, B: C

FORMAT(I10,3F10.5)
D = SeTF(A**2 + B**2 + C**2)
PRINT 70, ID, A,B,C,D

FORMAT(1Ho,I10,4F10.5)
CONTINUE
STOP
END

2. Label Statement or declaration

100

5

6o

70
50

8o

REAb 5, N
FORMAT (I5)
DO 50 I = 1, N
READ 60, ID, A,B,C

FORMAT(I10,3F10.5)
D = SQRTF(A**2 + B**2 + C**2)
PRINT 70, ID,'A,B,C,D

FORMAT(1Ho,I10,4F10.5)
CONTINUE
PRINT 80

FORMAT(13HOENDoOFMTABLE)
GO TO 100
END

3. Label Statement or declaration

'so

'30

LTERM,= 2
NLT =1
IS = 1
DO 30 I = 1, 60
PRINT 40 I, LTERM, IS
FORMAT(lHa,Sli5)
IS = NLT + IS
'ICCPY = LTERM
LTERM = ITERW+ NLTte
NLT = ICOPY
CONTINUE
STOP
END

4

p

i

49
145



TA,

3. Alternate solUtion with subscripts. (Note the trick of shifting index

values to avoid Using a zero subscript in FORTRAN.)

Label .Statement or declaration

1'01

6o

DIMENSION IF(63),IS(63)
IF(2) .= 1

IB = 0
= o

,DO 60 I = 1,62

Is(I) = IF(I) Is(I-1)
IF(I 4-1) IF(I) 1B "

IB =
IF(I - 3) 60, 5, 5
TO PRINT FLOW CHART SUBSCRIPT VALUE
IM1 =, I - 1

PRINT 101, IM1, IF(I), IS(1-2)
iORMAT(1110,3110)
CONTINUE
STOP
END

A. Label Statement or declaration

C

51

20

.30

1

CARNIVAL WHEEL PROBLEM REPEATED
DIMENSION NP(4)

READ 51, (NP(I), I = 1,4)
READ 51, N
FORMAT (4115)
ISUM.= 0
DO 20-L = 1, N
READ 51, NS, M
K = M+NS - ((M + NO/4)*4
ISUM = ISUM + NP(K + )

61114\
CONTINUE ; ,

PRINT 30, N, ISUM

IP

FORMAT(7H AFTER:3,115,

30:APIZIS,DrUFEINE331,11UNING.9:1ARED,I35,711nPOINTS)
STOP ' $

END

.46 r
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54 --Label Statement or declaration

C PAYROLL PROBLEM. MAXIMUM NUMBER
OF EMPLOYEES ASSUMED TO BE LESS THAN 1000.
DIMENSION T(1000), R(1000)
READ 101, N

101 FORMAT(15)
PAYROL = O.
READ 102, (T(I), = 1, N)

C ONE TIME PER'CARD. IN HOURS AND HUNDREDTHS
102 FORMAT(F10.2)

READ 103, (R(I), I = 1) N)
UP TO 4 RATES PER CARD/ DOLLARS AND CENTS

C PER 'HOUR
103 FORMAT (4F10.2)

DO 50 I = 1, N
WAGES = R(I)*T(I)
PAYROL F PAYROL WAGET a

PRINT 104, I, WAGES
104 FORMAT(1HCI,I10,F15.2)
50 CONTINUE

PRINT 1155, PAYROLL
105 FORMAT(1HEIX5.2) Ir

STOP
END

(
7

C

4:1

<t

a.

5

'47
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Answers to Exercises F4-2 Set A

1. Statement 2 should read

,,

DO 4 J = 2, N

i
N I

was missing

a \ so the statement following the IF should'read

3 FMAX = ABSF(A(J))

label was missing

2. DO statement should read

101.1 = 4, N,2

rt

no comma allowed here!
.

Change MAX, wherever it appears, to a real variable like FMAX.

Change FACT to an integer variable, like IFACT or NFACT.

The DO statement is incorrect as written. It should read
. A.

DO 10 K = 1, N, 1

or DO 10 K = 1, N

,

4. Either the DO statement should ad

(PeDO 10

4
not L

or the PRINT-stltement should read

PRINT,511, LTERM

not K

p
also COPY should be replaced with an integer variable like ICOPY.

44.

a.

48
52,
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N Comment on the discussion which immediately follows Exercises FI).-2 Set A.
..0000

'Often we use an iteration box to control the manipulation of a set of

elements where the number of elements, represented by N, is previously
assignedja value. Sometimes we would like to assign a value to N to suggest
the empty set so that when the iteration box is encountered the initial test
is false, with the result that 210 trandfis through the 16op are taken (i.e.,

,no set elements are manipulated)u

A good example arises in connection with a problem to be soiSred'in

Section 5=4 (Set C Problem 2). There we are to write a procedure called'

SIMPLIFY, to simplify the integer.coeffitientd of an arbitrary polynomial
given its degree n andthe coefficients a0, al, ..., an.

Simplification amounts to dividing each coefficient by the absolute value
of the largesj common factor. However, when the polynomial is identically
zero, and this is implied when n has been assigned a negative value like
-1, our iteration box allows us to automatically evoi4 the disaster of dividing
by zero. Thus in the loop.shown be law:

i 4- 0 '-.

i < n

it-1+1

divide a
i

by largest

common factor

if n = -1 at the tine we enter Box 1, we will g4 immediately.-to Hox 2 with-
out ever entering Box 3 --because 0 < -1 is false. --,

Noy, when coding this particular loop iii4ORTRAN there are two problems.-

First, the n + 1 integer coefficients of the polynomial

a0, a
l'

a2, ...
'

a
n

cannot be assigned to variables IA(0), IA(1), IA(2), ...; IA(N),-,because
zero subscripts are not allowed inn FORTRAN. So we must shift the index of
all the coeffiCients: That is,' a0 is now associated with, IA(1), al i

associated idth'el'IA(2), etc. This means that the initial value for the DO
loop index I is 1 instead of zero and the upper limit must have the valu

49 5 3
n .
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'"`

n + 1 .instead of -n.' That's easy to fix. Wf Can write, say

for

Now we notice the

the first.vaiue.of

are using a FORTRAN

test on the first go
.

in the student text.

73.,= N + 1
t° 50 I = 1,NP1

. -d'

second problem. If N is initially assigned -1, then

I = 1,11 will exceed ma which is now O. If we

II processor which generates code that bypasses this

aroun we now need to include the type of test mentioned

For example:

1

IF(N) 3, 3, 1,

419.

NP1 = N +'1
DO 50 I -=' 1,

I

50

:1.-

3.

0

1S,

4.
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Answers to Exercises F4-2 Set IT

1. Label Statement

DO-10 I = 1, N
COPY = P(I)
P(I) = Q(I)
Q(I) = COPY
CONTINUE

2. Label Statement
i .." -,\._

0. DO 10 I ...2, N 2
.:N-.. COPY = P(I)

P(I) = q(I)
( Q(1) . COPY

10 CONTINUE

-3. Label Statement

DO 10 I = 5, N, 3
COPY = P(I)
P(I) = CI(I)

Q(I) = CO?
CONTINUE

4"
4. S4tement

N1142-0-N/2

DO 10 I = 1, ND2

Q(I) = P(I)

5. ,Label. Statement-

NO02.= N42

DO 10 I = 1, NO2

Q(I)
p(j)1-7.Note:

J = NO2 + I ,.

CONTINUE

t

*

\

174

The alternate solution suggested in

the'Teacherst ComMehtary, is, not

possible in FORTRAN. You cannot write

DO 10I = 1, Nil

4
This is illegal.

You cannot write P(NO2 + I) in FORTRAN.
r -

invalid subscript 'form

-



6.

7.

8(a).

Label Statement

I.

NO2B = N/2
IF(N - (N /2) * 2) 3, 6')

.3 K = NO2B + 1
GO TO

6 K =-NO2B
4 DO 1,

KK = K + I
NO2B'

Q(I) = P(KK)
10 CONTINUE

Label Statement

DO Jek I = 1,

LLL = N + 3 ,
L =N+1- I

K
I

1
P(LLL) = P(L)

10 CONTINUE

8(c).

3

--FORTRAN doesnIt allow us to decrease

the. alue of the loop'eounter as was

dp
-

ne in- the equivalent flow chart box.

Label Statement

SUMCUB = O.
DO 10 I = 1, 100
SUMCUB = StJMCUB + P(I) **3

10 CONTINUE

SUMNEG ='0.
DO 10 I = 1, 100
IF(P(I))4, 10, 10

4 SUMNEG = SUMNEG + P(I)
10 CONTINUE'-

SUMCUB = 0.
SUMNEG = P.

7

SUMBIG = O.
DO 10 I = 1,40i00

SUMCUB = SUMCUB + PM**3
IF(P(I))5, 6, 6

5
6

SUMNEG = SUMNEG + P(I)
IF(ABSF(P(I)) - 50.) 10-, 10 7 t

7 SUMBIG = SUMBIG + -AB$F(P(I)) .

10 CONTINUE

. 9.. Label Statement

4

10

COLSUM = O.
DO 10,I = 1, 22
IV(I - 12) 4, 10, 4
COLSUM = COLSUM, t, P(I,K)

CONTINUE
/RINT 15, COLSUM

52 56
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10. Label Statement

10

b0.10 J = 1, 27
P(L,J) = P(L,J) + P(M,J)
CONTINUE

1L. Label Statement

3

10

DO 10 J = 1, 27
IF(J - K) 3, 10, 3

P(L,J)..= P(L,J) + 2.0 * P(M;J)
CONTINUE

vt 12. Label Statement

10

3

5

DO 10 I = 1 N
IF(ABSF(P(I)) - 50.) 10, 10, 3
CONTINUE
IANY = 0

This Is a. little more tricky to ceGO TO 5
W = P(I) in FORTRAN than'it may appear atfirst.
IANY = 1
..,*

13. Label Statement

10

4

W =,50.0
DO 10 I = 1, N
J = N - L + 1
IF(ABSF(P(JQ - 50.0) 10, 10, 4
CONTINUE T>+

Go To 5 °, --
W = P(I) We have had to use the

14. Label Statement

T =,0.

loop counter

as an increasing counter and then use,

I to define J, which is like a 0

decreasing .cdinter.

I

DO 10 r =
IF(ABSF(P(I)) - ABSF(TM)) 4, 10,,i0

4 TF(ABSFTP(I)),.- ABSF(T)) 10,'10, 5
5 T = P(I,)

10 QONTINUE
IF(T) 7, 8, 7 .

7 INT 20
20 O2MAT-(5HaN0NE),,

STOP

57
53
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15. Label Statement

10

20

3

6
7

30
8

DO 10 I = 1, N
IF (P(I) TKYio,

. CONTINUE

PRINT 20
FORMAT(5HaNCtit)
STOP
T = P(I) 4. 7

IK = I 1 -

DO 30 K = IK, N
IF( T - JD( K) ) 6) 30, 30'
IF(P(K) - 'TM) 7, 30, 30

= P(K)
CONTINUE

9 16: Label St at ement

0101

4
10

4

SMALL = g(L, 1)
DO 10 =' 2, N
IF(SMALL,- Q(L, J)) 10, 10, 4
SMALL =- Q(L, J) ..

CONTINUE

17. Label gtatement

1,0

5

DO 10 lc = 1, M

IF(Q(I, IR) - T) '10, 3, 3
CONTIME
IROW = 0 °

GO TO 5
IROW := I .
BIG = Q( IR)

eir

A

4 ',58
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Answers to Exercises F4-2 'Set C
4 ..

1(a) Label Statement' dr declaration

50

51

10

52

DIMENSION X(50)
READ 50, N
FORMAT(I3)
READ 51,,(X(I), I ='1, N)
FORMAT(5F10.5)
READ 51, A
FNUM xe, X(1) A
DO 10 J = 2, N
FNUM = FNUM * (X(J) A)
CONTINUE
PRINT 52; FNUM

FORMAT(1Ho,F15.5)
STOP t
END

1(b) Labe St: ement or declaration

50 P6RMAT (13)
4ri
'''s 50, 4

.D 51, (X(I), I = 1, N)

NSION X(50)

51 ORMAT (5F10.5)
READ 52, K, A

52 FORMAT (13, F10.5)
FNUM = 1.0
DO 10 J = 1, N

IF(J,- K) 7, 16, 7
7 FNUM = FNUM *... (x(J) .... p)

10 CONTINUE',
PRINT 53, FNUM-

53 FORMAT(1HD,F15.5)
STOP .

END

Label ,Statement or leclar tion,
.

. i DIMENSION X(50)
READ 50,q1

V.
d'

50 FORMAT(I3)
READ 51, (X(1) , i -,,-- 1, N)

51 FORMAT(5F10.5) ,

READ 50, K
DEN = 1.0
DO 10 J = 1, N
IF(3 - K) 7, 10, 7 *

, : .7 : DEN = DEN * (2C(3) v. X(K) )
10 CONTINUE Y

PRAT 52, DEN
52 FORMAT(lHo,F15.5)

STOP
END

ku

.5.9

55 .



3(b). j,abell DecIaration

50

io
8

52

DIMENSION NP(4)
READ 50, (WI), I = 1, 4)
FoRMAT(4I15)
READ 50, ICV_

ISUM = 0
DO 10 L = 1,1000
READ 50, NS, M

K = M + NS - UM + NSW) * 4
ISUM = ISUM + NP(K + 1)
IF(XABSF(ISUM) - ICV) 10, 10, 8
CONTINUE
PRINT 52, L, ICV, SUM
FORMAT(11113,3I10)

STOP
END

/

Comment When we gave the students a list of°FORTRAN function

names in Table F2-2 we failed to-tell them about XABSF.

o.

56 (30
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Answer to Exercise FLa Set

Reprised flow chart

I

Program

o

ti

label Statement or declaration

INT 5
50 FORMAT(116113X, IBA, 9X, ixp, 1HC, 14X, 16)

C A SEPARATE PRINT STATEMENT IS-USED WPRINT A BLANK
LINE 4

f9 5)1 i ,-
51 T (lHo)
3 2, A, B1 C

52 FORMAT(3F15.1)
D = SQRTF(A*4(12:00B**2 + C**2)
PRINT 53, A,,B,12,JX.

53 TORMAT(1X, 1115.1,'2F10.1, F15.2.)
GO TO 3
END

4

A2 B2 c2

5

A, B, C, D

TF4

4

9

Comment: .Therel another way to create the extra blank
with the use off_ the slash which

is-the end-of-recprd symbol used in
format code. e have decided to omit this in our presentatibnof
FORTRAN to students. Its use does not add enough to theUnder-
standing of programming to warrant inclusion- -but you should at least

be aware of its existence. If we want to skip N lines after printing,

we simply add N slashes at the end of the format.

50'FORMAT(1HY,13X,IHA, ^^^^ 1HC,14X,1HD/) causes extra line to
be skipped

Ig this way we eliminate the need for Statement 10 and its associated
FORMAT declaration

57.61
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'''`Answers to ExercisesF4 -4 Set A

1. Label 'Statement

a 0 I

'
1.

10
20

BIG = 0 .

DO 20 I = 1, M /
DO 10 J a 1, N

t. ,

IF(ABSF(BIG)- ABSF(P(I,J))) 5, 10, 10
BIG = P(I,J)
CONTINUE ,

,

'It

CONTINUE
PRINT 50, BIG,,

. (

2. Label Statement

5

10,

20

TLARpE=P(1, 1)
IROW = 1
ICOL = 1 L

DO 20 7 1, M
DO 10 J = 1, N
IF(MARGE -P(I,J)) 5, 10, 10
TLARGE=P(IT)
IROW =
IC01 = J
CONTINUE
CONTINUE

.

PRINT 5.0, TLARGE, IROW,'ICOL

3. Label Statement

5

.6
7

10

20

ZLEAT 7 O.
ZTALY = O.

DO 20 I = 1, M, 2
DO 10 J = 2, N, 2
IF(P(I,J)) 6, 5, 6
ZTALY ZTALY + 1.

'GO TO 10
IF(ZLEAST - P(I,J)) 10, 10, 7
ZLEAST = P(I,J)'
CONTINUE /
CONTINUE
PRINT 50, ZLEAST,,ZTALY

4. Label Statement

10

20

DO 20 I = 2; M
bQ 10 J = 1, N
P(I,J) = P(I,J) + T * P(1: J)
CONTINUE'',

CONTINUE

1

alternatively (and better)

0

50

58 , 7

DO 500,1 = 1, N
TEMP F P(1,J)*T
DO 40 I = 2, g

P(I,J) '+ TEMP

CONTINUE 4

CONTINUE '



5.x Label Statement

5

10
20

DO 20 J = 1,'N
FMIN =1)(1, J)
IROW = 1
DO 10 I 2, M
IF(PMIN - P(I,J)) 10, 5, 5
FMIN =
IROW = I

CONTINUE
CONTINUE

PRINT 50, PMIN, J, IROW

6. Lqbel Statement

10
20

SUM].

DO 20 I = 2, M
L = I - 1
DO 10 J 1; L
SUM]. = SUM]. + P(I,J)

CONTINUE
CONTINUE

.

Comment 1: Students are liableko be careless'on this problem as the
. ,

iteration box

, .*

.is not the-game as

all& to say''

is Illegal.

.j .j

DO 20 J = 1, I

DO 20 J 1, I-1

illegal

TF

.f,

Comment 2: Referto-tne commen in the
Teachers.Commentary of the Main

-Text on this problem. It is e that 3px:2 can be redrawn as

I 4-- i .

1<M

without changing the effect oitilealgorithm. However, we cannot make
the corresponding change to the correspoLding DO statement when using
many of the FORTRAN IIprocessors. If le wrote

DO 20 I =
. -

then when entering the statement

6 3
59



DO 10 J = 1, L :

(where L t:I, - 1) there will be n& initial test made to see if J which is

1 exceeds L which is O. If the test were made all would be well.

e

'47: )tabel Statement

10

20

= O.
MMAX = M - 1

DO 20 I = 1, MMAX
IP1 = I + 1
DO 10 J = IP1, M
SUM 2 = SUM 2 + P(I,J)
CONTINUE
CONTINUE

8. Label Statement.

6

10

20

10

6o

11

IANY = 0
LIMIT = N:- 2
DO 20 L = 1, LIMIT
J = M + 1 - L
ZLAST P(1,J)
JM]:= J - 1
DO 10 I = 2, JMl
IF(P(I,,J) -.2. * ZLAST) 6, ;6, 7

ZLAST = P(I, J)
CONTINUE
GO TO 20
PRINT 5o, P(1; -J.), I, J

IANY = 1
CONTINUE e,

IF(IANY) 11, 10, 11
PRINT 60
t'oPmAT(51.10NoNE)

-64

oe,

*4-

. See the Teachers Commentary
,

of the MaitText for alternatefilow chart

solutions to PrOblem'8. * cr

'r '

60%.

4



AnsWery to Exercise P4-4 Set.B

.1(a) Label' Statement or declaration 1

C NUMBER OF NOTONGRUENT TRIAFGLPS WH8E SIDES
C ARE OF INTEGER LENGTH LESP.THAN 1001

IS = 0
bo 5o = 1, n.00

JJ = 1 + 1/2
DO 40 J = JJ, I

IS = IS + 2*J - I
. CONTINUE
CONTINUE

PRINT 100, IS
FORMAT(I10)
STOP
END

a

4o
5o

100

(b) Label' "Statement or declaration

,

-C ACCUMULATED PET Dr FOR THE S TRIANGLES
C. COUNTED BY PRECEDING PROGRAM

1p = o
DO 50 I = 1, 100

JJ = 1 + 1/2
DO 40 J = JJ, I

KK = I - J + 1
DO 30 K = KK, J

rp = 2p +
30 CONTflWE4
40 CONTINUE
50 CONTINUE'

PRINT. 100, IP
"100* FORMAT(I10)

STOP
END

+

ti

O
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' Answers to Exercises F4-4 Set C

1. Label Statement

50

3
4

51

10

7
8

READ 50, N
FORMAT(15)
FN = N
LIMIT = SQRTF(FN)
DO 10 K = 2, LIMIT
IF(N - (N/K) * K) 10, 4, 10
PRINT 51; K.' -

FORMAT(1a),I5)
N = N/K
GO TO 3
CONTINUE
IF(N - 1) 7, 8, 7
PRINT 51, N
STOP
END

,

'2: Label' Statement or Declaration*

DIMENSION A(500)
READ 5174-N

50 FORMAT(I5)
(

.

READ 51, A(I), I = 1, N) -
5,1 FoRmAT(4Flo.5)

NM1 = N - 1
D0'20 J = 1, NM1 .
IF(A(J) - A(J + 1)) 20, 20, 5
COPY = A(J)
A(J) = AO + 1)
A(J .7i1 1) = COPY ,1

LIMIT = J"- 1

--. /

.
IF(LIM1T) 30, 30, 40 \I . prevents inner DO from

1,30 GO TO. 20 . ,-----4,t being executed when LIMIT. = 0

40 DO 10 L = 1, LIMIT 1 ...

K*4..*°

K =-LIMIT + 1-- -1,

'IFCA(K) - A(K + 1))`20, 20, 8
COPY = A(K)
A(K) = A(K + 1)
A(K + 1) = COPY

10 CONTINUE
20 CONTINUE 0

PRINT 52, (A(I),'I = 1, N)
52 FORMAT(lHo,4F10.5)

STOP
END

cp.



3. Label Statement

50

51

5

10
20

52

DIMENSION A(561-6

READ 50, N
FORMAT(15)
READ 51,, (A(4 ) K "=.1, N)
FORMAT.WIREY
NM1 = N 1
DO 20 I =1., NMI
NMI = - I
DO 10 J = 1, NMI
IF(A(J) - A(J + 1)) 10, 10, 5
COPY = A(J)
A(J) = A(J + 1)
A(J + 1) = COPY
CONTINUE
CONTINUE
PRINT 52,(A(K), K = 1, N)
FORMAT(l+F10.5)
STOP
END'

4. Label Statement or declaration

51

aa

3o

, 5
.6
io
13
14
20

52

DIMENSION A(100), IR(100)
READ 50; N
FORMAT (I5)
READ 51, (A(I), I = 1, N)
FORMAT (4E10:5)
MAXINC = 1
DO 20 J = 1, N,
B(j)\= 1
jM1 = a - 1

GO TO 15
-

DO 10 K = 1, JMI
IP(A(4 r A(J)) 10, 1O,'5
IF(IB(J) - (IBM + 1)) 6, 10, 10
IB(J) -= IB(K) . pr-, --
CONTINUE

IF(MAXINC a IR(J)), 14, 20;, 20 ,

MAXINC = B(J) -

CONTINUE _1 ,

PRINT 52,'MAXINe'°
FORMAT(1No,I5)
STOP
END

0

prevents inner DO froM being
execiated when JMI = 0

O

67,
63.,

TF4
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LC11p,pter 775

SUBPROGRAMS

Use of the computed GO TO statement.
.r,FORTRAN II.compilers for the smaller computers sometimes,do not allow us'

to define FUNCTION subprograps. All FORTRAN compilerrrdo, however, provide
the-so-called computed GO TO statement. With this type of statement we can
simulate the action o,aTfunctional reference as part of the main program.

Yegive first a brief definition ofthe
computed GO TO and then use it in

simulating the FUNCTION subprogram given in Figure F5-2.

Suppose the integer variable K is assigned a value, k, in the range
. .

is some small number like 5. Now at certain points in

would 'like to GO TO one of a set of m statements whose

I < k < m where m

program suppose we

labels are s
I'

s
2'

statement label sk_.

., sm. With each value k of. K we associate the

so that if k is the.valueof K, we GO TO label
s
k . The,FORTRAN statement thAt accomplishes this has the form

GO TO (s
l'

s
2".

s3,
"" sS1)' K

CO TO (10; 19, 52, 6, 17), Kir

Means:- Transfer control to the statement labeled either 10,,19, 52, 6, or
17 when the -Value of K ,is either 1,.2, 3, 4, . or 5 respeciively, Ifs

--.the value of K is not in the proper range, no gtarantee is given_as-to,

what Will-be the'next task executed.

The flow cbeWequivalent of this statement is:

o

-

Sap

a

II

Iv;
, .

r.



The computed GO TO provides p with -a »convenient sOlt&hing.mechanism for

returning -et) a point of call, .simulating the automatic return'that.is provided

by theREAJP-statement,in a subprogram.' --

We now illustrate the switching mechanism for a progra muChlike the main

-flow chart shoon.in but which contains'fgQedded=ln it the heart of'

the algorithh used in the rdference flolicharA in the'same figure. There are

two .points of,ocall at.box 1 and at box 4. Supfose the detai../Af these .boxes Wa7

1 fj..t

P X
t

and
1

.
1

. .

. 1

The corresponding FORTRAN statements are

siITEMP

= N
t, IP =,4.,57,-Si4RTF('T34P)"

Supp4e the square root algorithm is pl adedain the program beginning at

the statement labeled 100.° Then we mightrevise-statements. 1 andl 4_ as

.

1K ,

In place-of-Statement 1°

I
1 .

ARG = X
GO TO. 100

= A + * ROOT
,

The coding at statement

= 1.0
H = 0.5 * (G 4ARG/G)
IF(ABSF(H - G) - .0001) 5, 10, 10

G = H

.1

In place of'Statement

4' I = 2
ARG-= N
GO TO 100

61 P = 4..* ROOT

100, would end.in a,computed GO

Answers td Exercises F5-.1

1.

2

5

FUNCTION CUBRT(A)
G = 1
H = (2. * G + AA**2)/3
IF(ABSF(H - G) - .0001') 5, 4,

G = H
GO-TO 2-

CUBRT = H
RETURN
END

4

$
TO as shown below:

Returns control to Statement 51
or 6ivdepending on the point

of call:

alternate

FUNCTION CUBRT(A)
G =.1

2 CUBRI6(2.*G+A/G*G)/3.
fF(ABSF(CUERT-G)-.0001)

5, 4,.4

4 G = CUMRT
GO TO 2

5 RETURN
END

A



2.

3.

1

3
4

FUNCTION FUNCT(X)
FUNCT = (3. * X - 2.) * X + 1.
RETURN
END

FUNCTION ABSOL(X) '
IF (X) 2, 3, 3
ABSOL = -X
GO.. TO 4

ABSOL' = X

RETURN
END

ti

TF5

Answers to Exercises El=1 Set A

+ 2.)

.

.

8, 5
8, 6
8, 7

.

1(a).

oLip

`2. \

2.
3,
4
5

7

8'

..

.

FUNCTION ,FUNCT(X,Y) 41 .

FUNCT = ( (X**3 + Y)**2 + 5.) /(ABSF(X)

END 1 N
Y 7. FUNCT(R,S) + 6. ,* .i,"1

.
.,- .
FUNCTION RIGHT(A, B, c)
IFIC) 7, 7, 2 '
IF B) 7, 7, 3

.

IF(A) 7, Z,,.. 4
IF(C * C°- (A k + B* B)) 5.,

V(A .* A .- (B * B + C * '6,IF03.* B 2 (Id..V * 1,,7)

RIGHT = 0- . 1.
RETURN
RIGHT = 1
RETURN ,
END

3(e).
.

07).

-1*
V

C

4
3

. 5.

6

11

t
"UliC4ION XMAX (X,' Y, 2,)

XMAX :=IX 11 -
IF(XMAX 4 5, 3, 3
IF(XMAX. - 2,) 6, 4, .4

X4AX Y
GO TO 3'
MAX'. z r
RETURN
END

READ 11,' A, B, C
XLRGST = XMAX (A, 'B, C)
PRINT 11, XLRGST ,

STOP t.
FORMAT- (3F15.8)
END
DEFINITION OF FUNCTION MAX GOES HERE.
END

>

4 67v70
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kaa'

4.- Let a zero value for IQUAD

, .

6.

coordinate axis.

2

3

5
6

7

8

2

3

5
51

61
6

9

141

5
10
6

ti

represent iii error exit for a point on a

FUNCTION IQUAD(X, Y)
IF(X) .5, 8c 2

IF(Y)m4, 8,.3
IQUAD = 1
RETURN
IQUAD = 4 ,

RETURN
IF(Y) 7, 8, 6
IQUAD = 2
RETURN
IQUAD = 3
RETURN
IQUAD 0

RETURN .

END

FUNCTION INTSCT(X1,Y1,R1,X2,Y2,R2)
IF(R1) 12, 12, 2
IF(R2) 1, 12, 3
DIST = SQRTF((X2-X1)**2 + (Y2-Y1)**2)
IF(DIST) 5, 10, 5
IF(DIST (R1+F2)) SI, 7, 51
IF(DIST - ABSF(R1-R2)) 6, 7, 6

/F(DIST ABSF(R1R2)) 8, 61, 61
IF(R1 + R2 - DIST) 8, 9, 9
INTSCT = 2
RETURN
IF(R1R2) 8, 11) 8
INTSCT = O.
RETURN
INTSCT = I00
RETURN
INTSCT = 11

RETURN'
INTSCT = -1

r

"12E11W
END

C.'

FUNCTION ANYRT(Y,N)
XN = N
G = 1
DO 10- I = 1, 10

H = Y /G * *(N - 1)

IF(ABSF(G
= ((241, 1.)

CONTINUE
ANYRT = G
RETURN
END

--52?

;1,

w.

.0001) 6, 5, 5
6 '4- Hyxq

I. 71
68

#
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10

FUNCTION TIRAIE(N,R,TO.
TIRATE = TL
RATE = .01 * R
DO 10 I = 1, N.

TIRATE = TIRATE 4 (1. + RATE)
CONTINUE

RETURN e
END

-Alternate_ solution:

FUNCTION TIRATE (N,R,TL)
TIRATE = TL * (1. 4. 13/100.)0f* N
RETURN
END

It

f..

Comment:

._There it in FORTRAN II a so-called "statement iunption" form of
function definition which would be applicable to the alternate solution.

°(We do not feel it is important enough to inject this in the student text.)
Using this statementfunction

form, one can write the whole function
definition as a single declaration:

, 1TIRATELL(N, m) = * + R/100. ) ** N

C OWING IS THE COMPLETE FUNCTION DEFINITION

7(b).

Ea,

5

6

7
100

. 8

9
10

101

102

ISWTCH = 0
= 100. t

Y.= NO.'
DO 100 I = 1, 36

X = X'* 1.01
Y = Y'+ 1.125

IF (X-Y).6, 6, 5
ISWTCH = 1
MONTH0= I
IF ((I/12) * 12 - I) 100, 7, 100
PRINT 101, I, x, r
CONTINUE

IF ((ISWTCH) - 1) 10, 9, ter;
PRINT 102, MONTH
STOP

FORMAT(1H0,11I5,2F10.2)
FORMAT(101OMONTHSD.0,I2)
END

72
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7(b). Alternate solution

5

6

7
-100

9
10

101

,102

ISWTCH = 0
X = 100.
Y = 100.
DO 100 I = 1,36 '

X = TIRATE (I, 1., 100.)

Y= y + 1,125

IFU - y.)^ 6, 6,. 5

ISWTCH = 1
momrp =
IF((I /12) * 12 - I) loo, 7, 100

PRINT 101, I, X, Y
CONTINUE'

IF(ISWTCH - 1) 10,9, 10
PRINT 102, MONTH
STOP
FORMAT(1H4I5,2F10.2)

T(101- OMONUES0=0,I2)

ND!

7(c). Alternate solution

3

5

6

101

X = 100.
NX = 1
X = X *,1.01
IF(X - 200.) 6, 5, 5
PRINT 101, NX, X ,

STOP
NX = NX + 1
GO TO 3
FORMAT(511.01,15,3HXD=,F10.2)
END

Answer3 to Exercises F5-3 Set B

. .

7

Statement or declaration
.

GREATEST COMMON DIVISOR AS AN INTEGER-VALUED

FUNCTION CALLED KGCD
FUNCTION KGCD(KA, KB)
IF(KA - KB) 5, 5, 4

KR =* KB,

KB ,= KA'

KA =KR
IF(KA) 6, 7, 6
KR F.. KB (KB/KA) i KA

.

KA . .

GO TO 5'

KGCD =
RETURN g

END.

70
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106-

2. Label Statement or declaration

.1-

GREATEST.COMMON FACTOR ALGORITHM
CALLED KGOF. IT CALLS ON KGCD
FUNCTION KGCF(IA,KB,KC)

KGCD(KA,KB).
KGCD F KGCD(KX,KC)"
RETURN .

END

3(a):

Label Statement or declaration

C NUMBER OF NON-SIMILAR TRIANGLES AMONG
C THOSE OF INTEGER LENGTH LESS THAN '100

IS =O
DO 50 I =012'100

JJ = 1 + 1/2
DO 40 = JJ, I

KK 1

DO 30 K = KK, J

IF(KOCF(I,J,K) = 1)30, 6, 30
6

30
40 CONTINUE ,

50 CONTINUE
PRINT 100, IS

100 FORMAT(I10)
STOP
END

IS = IS + 1
CONTINUE

3(b). Statement 6 to be replaced by

O

61 INS = NS +I+J+ K

Comment: In case students run this,problem and also Problem 4 on

the computer, you will probably want them to cut down the size of

the problem,otherwise excessive computer time may be required.

For example, tribmgles whose lengths are less than ,50 might be

illustrative enough. Likewise in ,Problem 4, you could consider

all numbers less than ,106 instead of .109.

.
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4.. Label Statement or declaration

DIMENSION ICUBE (999)
DO 60.1 = 11 999

ICUBE(I) = I ** 3
LO 50 J =1, I

ITEST = ICUBE(I) + ICUBE(4)
IF(ITEST - 1000000000) 6, 60, 60

6 K = I - 1
L = J + 1

7 IF(L - K) 8; 8, 50
8 .IF(ICUBE(L) + ICUBE(K) - ITEST) 10, 9, 11
9 IF(KGCF(J, K, L) - 1) 13, 12, 13
10 L = L + 1

GO TO 7
11 K = K - 1

GO TO 7°
12 PRINT 101, I, J, ITEST, K, L

101 FORMAT(I6,9HOCUBEE01-0,16,9HOCUBEDc=o,
1 I10,3H0=0,I6,9H000BED0+o,I6,6H0CUBED)

13 L = + 1 I
.

K = K - 1
G0 TO 7

50 CONTINUE
60 CONTINUE

STOP
END

4

41
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- Answers to Exercises F5-4 Set A

2( a ) .

(b).

(e)

C

2

SUBROUTINE ABSOI, (X,ABSX)
IF(X) 2, 3
Ara = -X
RETURN
AESX = X

END

SUBROUTINE CXADD Bl, A2, 132, A, B)
A Al + A2
B Bl + B2
RETURN
END

SUBROUTINE CXSUBT (Al, Bl, A2, re, A, B)
A . Al - Aa
E - B2
RETRBlN
END

SUBROUTINE CXMULTtqA1, Bl, A2, ,Ple, A, B)
A . Al * A2 - B1.%1E2

Al * B2 + A2 *B1
RETURN
END 4

4

5

7

8
9

.12

SUBROUTINE CXDIV (Al, B1, A2, B2, A, B)
DENOM = A2 * A2 + E2 * E2
A (Al * A2 + Bl * B2)/DENOM
B =1(A2 Bl - Al * B2) /DENOM
RETURN
END

r

I.

READ 11, Al, BW A2, B2, OPER
PRINT 11, Al, Bl, A2, B2, OPER
FORMAT (5F10.4)
IF (OPER - 2.)4, 5, 6
CA4 CXADD (Al, Bl, A2, B2, A, B)
GO TO

GALL CXSUBT (Al, Bl, A2, B2; A, B)
GO TO 9
IF(OBER 3.) 7, 7, 8
CALL.CMAULT,(Al, Bl, A2, V, A, B)
GO TO 9

CALL CXDIV (Al, Bl, A2, H2, A, B)
PRINT 12, A, B

FORMAT (1HalF10.4,1H+
GO TO 1 ,,,

END

DEFINITION OF CXADD,2CXSUBE, CXMULT,, CXDIV GO HERE
.END F'7G
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3. A normal exit is indicated by ERROR-= O. If ERROR = 1, then K < O.

'4(a):

2

3

50

5

6

1

4

3

7
8

5

SUBROUTINE SORT 2(K, A, B ERROR)
DIMENSION A(1000), B(1000)
IF(K) 6, 6, 2
ERROR = q

K - 1
DO 50 I = 1, LAST
IF(A(I) - A(I+1)) 50; 50, 5

CONTINUE
RETURN
COPY = A(I)
A(I) = A(I + 1,)

A(I + 1) = COPY
COPY = B(I)
B(I) = B(I + 1)
B(I + 1) = COPY
GO TO 3
ERROR = 1

RETURN
END

SUBROUTINE COUNT NOFAC)
IF(N) 5, 5, 1
NOFAC = 0
XN = N
'BOUND = SQRTF(XN) - 1
DO 3 K = 1, IBOUND
IF(N - IC * (N/K)) 3, 4, 3
NOFAC = NOFAC + 2

CONTINUE
IF (N - K * K) 8,
NOFAC = NOFAC + 1

RETURN
NOFAC = -1

RETURN
END

Note: Since the argument of SQRTF

XN as the floating point representation of

.

must be floating point, w

N.

C

3
11
2

DO 2 N = 1,1000
CALL COUNT (N, IFAC)
IF(IFAC - 2) 2, 3, 2

PRINT irri,
FORMAT (In)
CONTINUE
STOP
END
DEFfNITION OF'SUBROUTINE COUNT GOES HERE

END

7 7
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5(a)
k

(b).

o ' ,

2

4

7

10

11

8

9

SUBROUTINE ALQUOT (NUMBER, N, IPART)
DIMENSIONIPART (50)
IE,(NUMBER) 8, 8, 2
N = 1

IPART cly = 1
IF (NUMBER - 3) 9, 9, 4
XN = NUMBER,
'BOUND = SQRTF(XN)
DO 10 K = 2, IBOUND'

IF (NUMBER - K * (NUMBER/K)) 10, 7, 10
N = N
IPART(N - 1) = K
IPART (N) = NUMBER /K,
CONTINUE

IP(PART(N) - PART(N - 1)) 9, 11, 9
N = N - 1
RETURN
N = -1
RETURN
END

N
DIMENSION IA(50)
DO 10,1 500
CALL ALOOT (I, N, IA)
IF(N) 9, 9, 4

4 isum.= 0 .

DO 6 J.= 1, N
ISUM = rsum t IA(J)

6 CONTINUE

IF (I - ISum) 10, 8, 10
8 PRINT 21, I

10 CONTINUE
GO TO 11

9 PRINT 22
11 STOP
21 FORMAT (I10)
22 FORMAT (11H IMPOSSIBLE)

END
C DbriNITION OF SUBROUTINE ALQUOT GOES HERE

END

The first five perfect numbers are 6, 28, 496, 8)28, 33550336

.4
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5(c), Let B ,be an array. B, is the sum of the aliquot pArts for nUmber it

DIMENSION IA(50), TB(500)'

D050 I . 1, 500 {\

CALL ALQUOT
IF(10.41, 11, 4 -

4 ISUM =o
DO 6 J 1, N
ISUM = ISUM + IA(J)

6 CONTINUE
IB(I) = ISUM
IF(ISUM - I) 9, 50, 50

9 IF(IB(ISUM) - I) 50, 10, 50
10 PRINT 21,.ISUM, t
50 CONTINUE

GO TO 1?
. 11 PRINT 22

12 STOP .

FORMAT.(2I10)
22 FORMAT (11H IMPOSSIBLE)

END
DEFINITION OF SUBROUTINE ALQUOT GOES HERE
END

_Alas, the only pair of friendly nuMbers.less than 500 are 220 and 284.

0
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Answers to Exercises F5-4 Set B

1. THE'LEAST FUNCTION IS CALLED TLEAST
FUNCTION TLEAST (N,A)
DIMENSION A(100)
S = A(1)

DO 60 I= N
ri(A(I) s) 6o, 6o, 4

4 S = A(i) vp
60 CONTINUE

TLEAST = S
RETURN
END

2.

3. C

4

60

THE SUBLEAST FUNCTION IS CALLED MLEAST
FUNCTION MLEAST (N, A)
DIMENSION A(100)
S = A(1) '

K = 1
DO 60'1 = 1 N

IF(A(I) - S) 60, 60,'4
S =.A(I)
K = I

CONTINUE

K
END.

THE PROCEDURE CALLED MARKS
SUBROUTINE MARKS (N,A,S,K)
DIMENSION, A(100)
S = A(1)

K = 1
DO 60 I = 1, N

IF(A,(I) - S) 60, 6o, 4
S = A(I)
K = I

60 CONTINUE

END

Answers to Exercises F5-4 Set C

1. Label Statement or declaration

111
THE PROCEDURE CALLED DEGREE.

FOR FORTRAN'S SAKE, SUBSCRIPTS .fiRE SHIFTED BY ONE.
SUBROUTINE DEGREE(N, IA)
DIMENSION IA(100)
IF(IA(N-111)) 4, 2, 4
N = N - 1
IF(N)i 4, 1, 1

80.
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2. Label ,Statement oAdeClaration

C

C

C

C

C

1

70

60

7
END

*3. Label Statement cd.dliciaxation

PROCEDURE CALLED SMPLFY TO
SIMPLIFY THE COEFFICIENTS OF AN NTH'
DEGREE-POLYNOMIAL, N LESS THAN 100.

(FOR FORTRAN'S SAKE, ALL SUBSCRIPTS ARE
SHIFTED Bt ONE.)
SUBROUTINE SMPLFY (N, IA)

DIMENSION iA(100)
TEST' TO SEE IF DEGREE IS NEGATIVE. IF SO, DO NOTHING
IF(N - (-1)) 7,-7, 1
ID = ABSF(IA(1))
NPLUS1 ='N +, 1

DO 70 I = 2, NPLUSlr
ID = KGCD(ID, ABSF(IA(I)))
IF (ID - 1) 70,,-7, 70

CONTINUE

IA(I) = (r,
DO 60, I'. 1,, NpLUS1

CONTINUE
RETURN

C

C,
C

C

C

11

2

C

5

6
60

4a

10-

PROCEDURE RDCMOD FOR REDUCING
AN NTH DEGREE POLYNOMIAL, A(X),'
MODULO AN MTH DEGREE POLYNOMIAL B(X)
WHERE M LESS THAN OR EQUAL TO N,
AND N LESS THAN 100.
(FOR FORTRAN'S SAKE, ALL SUBSCRIPTS ARE
SHIFTED BY ONE -FROM THE VALUES IN THE
FLOW CHART)
SUBROUTINE_RDMINNAIA,IB)
DIMENWN IA(100),, IB(100)
IF(M) 10, 10, 2
IF(N-M) 10, 11, 11
NP1 = N 1

MP1 = M 1

IX = KGCD(IA(AP1), IB(MP1))
IC = IB(MP1)/IX
ID = IA(NP1)/IX
DO 60 I = 2, NP1
FORM VALID SUBSCRIPT FOIE N - I

NMINI = N - I
IF(I - MP1) 5, 5, 6
FORM VALID SUBSCRIPT FOR M - I
MMINI = M - I
IA(NMINI). = IC * IA(NMINI) - ID*IB(MMINI)
GO TO 6o )

Ist(NmINI) = IC * ist(timINI)

CONTINUE
N = N - 1.

CALL DEGREE (N, IA)
CALL SMPLFY (N, IA)
GO TO 11
RETURN
END

8
.78
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*4. Label Statement or declaration
..,.

.',)

C- PROGRAM FOR FINDING THE GREATEST COMMON
...

C DIVISOR OF TWO POLYNOMIALS
,d.

THE'TWO POLYNOMIALS IA AND
C IB HAVING DEGREES N AND
C M, RESPECTIVELY, AND EACH IS,
C TPSS THAN 100.
C F0E-FORTRAN'S SAI9E, INDEXES ARE SHIFTED BX ONE

DIMENSION IA(100), IB(100)
READ 1011 N, M
NP1 = N + 1
MRI = M + 1

At .
101, (IA(1), I = 1, NP1)
101, (IB(I), I =.1, MP1)

CALL DEGREE(N, IA)
CALL.SMPLFY(N, IA)'-__

.
' CALL'DEGREE(M., IB)

. CALL SMPLFY(M, IB)
ISW = 0

7 GALL RDCMOD(N,M,IA,IB) .

=N
11 IF(,IT) Z, 14, 12 0

12 ISW = 1 - ISW 1

IF(ISW, - 1) 7,,p, 7
8 CALL TDCMOD (M,; N, IB, IA)

IT = M
GO TO 11 1

14 ARINT'102
TOP o

15 IF(ISW) 17, 16, 17
16 PRINT 103, (B(1), I = 1, MP1)

STOP
17 PRINT 103, (AI), I = i, NP1)

STOP
101 FORMAT(10I1
102 yOMAT(2H 1

itp

.. .

1
103 FORMAT(1H , 1016) .IA

1

0 1.F5

1-A

va

END

Supplementaiz Exercises in the Teacher's Commentary at the end of Section 5-4.

Here are the FORTRAN programs for the charts given in the solution.set

to these exercises.

3

'A
*SUBROUTINE INTO (N;NA,10, NDEC)
DIMENSION NA(100)
NDEC,=.0,

D0.3 I = 1, N
NDEC = NDEC NA(I) * NBA- 4!(N - I)

CONTINUE
RETURN,
END

'79
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2(a). In many implementations of FORTRAN there is no parallel to the assign-

!

ment.COMP1 .-.4"0". Instead we mist input the alphanumeric elements of

vector NCOMP in the main program and include NCOMP in the parameter

list for function DENT,

'* SUBROUTINE IDENT (K, NA ,-NCOMP, 'VALUE)
DIMENSION NA(100), NCCMP(16)'.

1,
IF(NA(JK) - NCOMP(0) 3, 4,, 3

3 =TIME
PRINT 11,

11 FORMAT (20HoINCORRECToCHARACIER)
STOP

4 IVALUE = J -
RtTURi\l,

END

4

2

- 5

c

W";4; C;

1

10

4

11

12

SUBROUTINE nREXDC (N,114.NCOMP, NDEC)
DIMENSION NA(100.,
NbiDc = o,

po 4 1 = 1, N
IDENT (I, NA, NCOMP, NVALUE)

NoEc = NDEC + NVAUE * ),6**(ir - I)

RETURN

END ,

SUBROUTINE OUT (ND, NB, IR, M)

DIMENSION IR(100)

NQ =
IR(M) = ND - NQ * NB
IF(NQ) 5,3, 4
m ='m + 1
ND
GO 1110 2

RETURN

_

D NSION NA(100), NRI(100)
READ 11, NB1, NB2, N, (NAM, K = 1, N)

CALL' INTO (N, NA,1 NB1,_NBAS10)

CALL OUT fNBAR1Cq NE2, .NR M)

REVERSE ORDER OF O. S IN NEXT SIX STEPS

MIDDLE = (M + 1)/2
,

DO lo 1 = 11 MIDDLE
K = M + 1 , I

*.

NEED = WI)
NR(I) = NR(K)
NR(K) = NEED
CONTINUE.
PRINT 12f, (NR(I), I = 1, M

GO TO 1 . /

FORMAT (318, (71/1)) , 1
.".

FORMAT (11101O0I1), ,..

END
DEFINItIONIOF INTO AND OUT GO.RERE

END: ' , i

I

It

yr*

C
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755

6(a). As in the hexadecimal -to- decimal- conversion exercise (Problem 2), the

alphanumeric comparison vector, in this case ROMAN, must be input into

, the main program and then transferred to the subroutine subprogram as

one,of the components of the parameter list. Input the elements of

ROMAN in this'order: I, V, X, 1,, C, D, M.

4

SUBROUTINE RNUM (N A,.ROMAN, NUM) ,

DIMENSION A(20), ROMAN(7), NVALUE(7)
NVALUE(1) = 1
NVALUE(2) = 5

NVALUE(3) = 10
NALUE(4) = 50
NVALUE(5) = 100
NVALUE(6) = 500
NVALUE(7) = 1000
NUM = 0
LAST = 8
DO 50 K= 1, N .

ro 6 I = 1, 7
IF(A( K) - ROMAN( I)) 6, 7, 6

6 CONTINUE
PRINT 21 3

STOP,
.7 IF(LAST - I) 8, 9',,9
8 MUM = NUM - 2 * NVALUE(LAST)+ NVALUE(I)

GO TO 10
9 NUM = NUM + NVALUE(I)

10 LAST = I
50 CONTINUE , °-

.4

' RETURN ,

21 FORMAT'(20HoINCORRECMICHARACTER)-
END

(b).

I
.1

C

22
25

DIMENSION A(20), B(20), ROMAN(7)
READ 5, (E0MAN(I), I = 1, 7)
READ 21,, N, (A(K) K = 1, N)
PRINT 21, N, (A(K), K = 1, N)
READ 21, M, (B(K), K = 1, M)
PRINT 21, M, (B(K), K = 1, M)
CALL RNUM (N, A, NUM1)
CALL RNUM NUM2)
SUM'. NUM1 + NUM2'
PRINT 2, SUM
GO TO 1
FORMAT (1'1.O, 20A1)

FORMAT (7HoSUM9=0F10:0)
FORMAT (7A1)
END

DEFINITION OF SUBROUTINE RNUM GOES HERE
END

1 ot
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Supplementary remarks on assignment of values to non-local variables

The following should help you to visualize how the information on non-

local variables is transthitted to a FORTRAN subprogram. Suppose a calling

argument is a single variable, like T, and spppose it Is matched With a

dummy variable, say X in the subprogram. 'At the time the subprogram.4s

executed, the subprogram "takes note of" the address where the value of T

may be found (i.e., location of the window box labeled T). If the calling
o

argument, is an exprepsiorclike 2. * T," the subprogram will instead take note

of the address where the value of 2. * T has been temporarily stored. The

programmer is normally not aware that the compiler, in generating, the code

for a call1fon a subprogram, generates instructions to evaluate argumentek-
..

pressions and to save their values in "temporary" storage locations. Although

the programmer-is not told,wh04-e these "temporaries" are located, their
. .

addresses are nevertheless made available to the subprogram each, time the

subprogram is called,.

We can now begin to perceive how the foregoing explanation might relate AW

to our sealed chamber models with slips of Paperer boXes beitkg dropped into

the funnel. If a subprogram is told where the value of an argument is located,

it can alter the value of the argument. Hence this corresponds in our model

to dropping into the funnel the window box that contains the value of the

argument. If the argument is 2. * T, however, the subprogram is not told

where T is located, only where the
-4
value of:computation 2. * T is located.

Hence the subprogram cannot alter the value of T.- In a way this suggests

the protection which is inherent in the slip of paper concept. Strictly

speaking we °mild "protect" any variable used,as a calling argument to

FORTRAN function b first assigning the value of that variabl to an auxiliary

variable and then sing thUt auxiliary variable as the argument. In this way

no matter what the function did with the window box it received, it could not,

"harm" the value of the original variable.

, . .

Example: Suppose the FUNCTION is called FUN _and it has arguments A, B, C.

Then one way to simulate the slip of paper concept of protection is by writing.

instead of

L.. Tl. = A

T2 =

013 =

B

C 't

Z = FUN(T1 T2, T3)

4

4
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n.

Amore sensible way to accomplish the same objective (and actually a

safer and more efficient way) is to let the subprogram itself reassign in-

comingyalues-of the dummy variables to new auxiliary variables that are

strictly local'to the. subprogram. After this reassignment the auxiliary

Variables are used in place of the dummy arguments. Thus for the above
4

example, the call to FUN could be safely written.aa:

provided

Z = FUN (A, B, C)
46

the definition of FUN is coded something like

FUNCTION FUN (DUMM11, DUMMY2, DUMMY3)

ARG1 = DUMM11

AR62 = DU1 ff4Y2

ARG3 = DUMMY3

TF5

Function name arguments in FORT14APi II processors

Stme of the processors for the larger computers like the IBM 7090 do

in fact provide an "improvised" way to define functions having function name

arguments (but no label arguments). To use a function, name as an argument in

such proce4sors, it

program whieh lists

card has the letter

is,necessary to prpvide a 4eaial card in the calling
1

the funCtion names that are :_to be used as arguments. Thil

F punched in Column 1.

c
There are other detaili regarding the dropping of the. terminal letter F

on librar subroutines that are used as arguments. SUA details re messy.

Even it y u have this capability available to you in the laboratory one could

question the, wisdom of,teaching tio .students at this level. In more advanced

languages function name arguments are-handled in a more natural Nay. For Lore
.,

details you shOuld, of course, consult the appropriate reference manual.c4t.

00.



.

TF5

Answer; to Ex

1. C

e

O

3

5.

(is

ises F5-5

SUBROUTINE-FOR TWO SIMULTANEOUS EQUATIONS
SUBROUTINE ROOTS2(A1,B1,C1,A2,B2,C2,X1,X2,N)
DENIM = Al * B2*- A2 * Bl '

IF(DENOM) 3, 5, 3
X1 = (81 * C2 - B2 * C.1)/DENOM
X2 = (Al * C2 - A2 * C1)/DENOM
N = 0
RETURN
N = 1
RETURN
END

A

C

C

2

3

5

7

10

8

9

11
. U.2

13
14

1

14

A SUBROUTINE SUBPROGRAM FOR REAL

ROOTS OF QUADRATIC EQUATIONS
SUBROUTINE ROOT (A, B, C, N, Xl, X2)
IF(A) 2, 11, 2
IF(B) 3, 8, 3'

DISC = B * B - 4. *A *C
_IF (DISC) 10, 7, 5
N = 2

,

X1 = (-B+SQRTF(DISC))/(2. * A)) \
X2 = (-11-SQRTF(,DISC))/(2. * A)

GO-TO-14F.

N = 1
Xl = -B/A,
GO TO 14
N = 3
GO TO 14
IF(C/A).9) 9, 10

= 2

X1 = SQRTF(-C/A)
Y2 = -X1
GO TO 1i. .

IF(B) 12, 13, 12

N = 1
X1 = 7C/B
GO TO 14
N = 0
RETURN,.
END

e\

1



'2(b).

C

3

1

2

3

5

6

7

18

99
20

21
22
23

24

2

12

50
13

A PROGRAM FOR ROOTS OF QUADRATIC EQUATIONS

READ 20, A, B, C
INT 20, A, B, C

ALL ROOTS (A,B,CAX1,X2)
IF(K - 1) 5, 6, 11

IF(1C 2) 99, 7, 8' --
PRINT 21
GO TO 1
PRINT 22,-21
GO TO 1
PRINT 23, Xl, X2
GO TO 1
PRINT 24
GO TO 1
STOP
FoRmAT(516.8)
FORMATf24HNOOINUERESTINGOSOLUTION)
FORMAT(17HOONEOSOLUTIONEIX=06F16.6)

-

FORMAT(19113TWCOSOLUTIONSOX1=0,F16.8,5E,F16.8)
FORMAT(22HOSOLUTIONSOARE0C0MPLEX)
END

SUBROUTINE SUBF(X,Y,T,K)
IF(X - 2)2,4, 2
RETURN
=1
= ( (X ** 3 + y)1** 2 + 5. )fr(X - 2.
rmtnn

END

Ail

CALL SUBF(R, S, Z, ICIEST)

IF(KTEST) 13, 12, 13
PRINT 50
GO TO 60
FORMAT(21HOZCICANNOTEG3E000MPUTED)
Z= + 6 . * .,X

I

8
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Answers to Exercises F5-6

1.

2

6

SUBROUTINE CONTCH(N, IS, IC, ICOUNT)
DIMENSION IS(100)
ICOUNT = 0
M = 1
CALL CHEKCH (N IS, M, IC, LOC)
IF(LOC) 4, 6, 4
ICOUNT =4ICOVNT + 1
M = LCC + 1
GO TO 2
RETURN
END

2. The symbols ) and ( must be input for the main program and be

included in the subroutine parameter list, say call them NPAR1 and

NPAR2, respectively. Also let ERROR equal 0 for a correctly

written expression, 1 for a negative counter value and 2 for,

nonzero counter value at the end of the scan.

SUBROUTINE PARENIN; IS, NPAR1,NPAR2, ERROR)
DIMENSION IS(100)
ICOUNT = 0
DO 50 I = 1, N

IF(IS(I) - NPAR1) 7, 4, 7
4 ICOUNT = ICOUNT --1

IF(ICOUNT) 6, 50, 50
. 6 ERROR = 1

RETURN
IF(IS(I),- NPAR2)r50, 8, 50

8 ICOUNT = ICOUNT + 1
-50 CONTINUE,

IF(ICOUNT) 11; 10, 11
16 ERROR = 0

RETURN
ERROR = 2
=U RN
END

5

SUBROUTINE CONTST(N, IS, K, IC, ICOUNT)
DIMENSION IS(100), IC(100)
ICOUNT = 0

M = 1
CALL CHEKST K, IC, LOC)

6 4

ICO = ico 1
+ 1

A

8 9
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4(a)

r

5

6

s

SUBROUTINE AVER(MN,IA,V)
DIMENSION IA(1000)
NUM = N M + 1 '

ISUM = 0;

IF(NUM) 3,. 6, 3
DO 4 I = M, N

ISUM =.ISUM + IA(,I)
CONTINUE
V = ISUM/NUM
RETURN
11_= 50
RETURN
END__

4(b)
DIMENSION IA(1000)

= 1,K)
1 READ 12,M,N

CALL AVER(M,N;IA,AVERAGE) 40*
PRINT 12,M,N,AVERAGE
GO TO 1

11 FORMAT(I5(14I5))
12 FORMAT(2I10,F10.2)

END
C DEFINITION OF AVER GOES HERE

END

4

4-
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Chapter TF7 1

SUE MP2HEMATICAL APPLICATIONS
.

7.,

The, material here willarallel closely that in the student's Chapter ,F7.

Since no new FORTRAN concepts have been introduced, discussions are limited to

specific points regarding the exercises.

1.

,
33
1

2

3

5

Calmilate

(1.) (b) 1.34

(2.) 0.60625,

PRINT 1 - 4
FORMAT(5X," 1HA, 9X, 1HB, 7X, 4HEPSI, 15X, 4HROOT)
CALL ZEROK(0.', '2., .1, 1)

CALL ZEROK(.1, 1., .15,2)
CALL ZEROK(0., 2., 3)

CALL ZEROK(0., 2., .1, 4)

CALL ZEROK(0.4, 4., .1, 5)

CALL ZEROK(0., 2., 1:E-4, 3)
STOP .
END

SUBROUTINE ZEROK GOES HERE
THE FUNCTION SUBPROGRAM CALLED FUNCT
IS GIVEN - .HERE' .

FUNCTION FUNCT (X,K)
IF (K-2) 1, 2, 33
IF (K-4) 3, 4-, 5

FUNCT =4'(x *, 1.) - 1,
RETURN
FUNCT = X + LOGF(X)
RETURN
FUNCT = 5. - X - s. * SINF(X)
RETURN ,

FUNCT = (X * X - 3.) * X - 2.
RETURN
FUNCT = ((x + 2.) *.X - 13.) * X + 10.
RETURN

results:

EPSI = 0.1 '

PSI -= 0.15 ,

(3.) 0.87500,' EPSI = 0.4; 0.94565, EPSI =

(4-) (Not avail'41e this edition)

.) method is inapplicable.'

.,



DO 1 1=1,41
Xs T-
X=4/3. -10.5
Yls F11(X)
Y2s F12(X)
Y3= Fl(X1
Y4* F2(X)
Y5s F3(X)
Y6s F13(X1,-
Y7* F4(X)
?Ss F5(X)
PRINT 29X.Y1,Y2,Y3#Y4,Y5tY6,Y7tY8

2 FORMAT( 9F10.2)
STOP,
END'

?UNCTION F11(X)
Flls (X**2 -2.)*X -54
RETURN f

END
FUNCTION F12(X) -
F12 s ((X+3.)*X-2.) *X-4.
RETURN
.END
FUNCTION F1(X)
Flu ((3.*X-2.)*X**2+7.)*1-4,6
REISIRN"

ENV?
FUNCTION F2(X)
F2s (X**2-1.)*X-14
RETURN -
END
FUNCTION 'F3 (.X)

F3* (X....3.)*X-4.*(SINF(X))**2..
RETURN -
END
FOCT/ON F13(1)
F130 X.:-SINF(X)7COSF(X)
RETURN

[ END
FOCTION F4( )

F4s.X+LOGF(X)
RETURN
END .,

FUNCTION F5(X)
F5s 5.- X- 5. *SINF(X)
RE,TURN'
END
END

I t!"...

d

6

I

tt

.111...1
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,3. 41 (a)' 15.03 (or 15 to the neirest.foot)

(b) 15.65 feet

"11'

2

3
101

4
102

C
C

G

1

2

1

1

MAIN
CALL ZEROKL(1, LABEL, 0., 3.14259/2., 1.E -',A)
IF (LABEL) 4, 2, 4
CALL ZEROKL (2, LABEL, 0., 3.14159/2., 1:E=4,B),
IF (LABEL) 3, 4 ,

PRINT 101, A, B
FORMAT (17H0p00100F0F(X)oiso,E20.8,

17HoROOTo0Faa(X)oiso,G20.8)
STOP
PRINT 102

FORMAT (27HaMETHODDISDINAppLICABtEaF0R,
15H0F(X),o0R,E3G(x) )

STOP
END

SUBROUTINE ZEHOKE, GOBS HERE
FUNCTION DEFINITION FOLLOWS .

FUNCTION FUNCT(X,K),
IF (K-1) 1, 1, 2
FUNQT = SINF(X) - .66666667 * X
RETURN
FUNCT = SINF(X) /COSF(X) - .1 **X

4

RETURN
END

MAIN
CALL ZEROKL(1,' LABEL,
CALL ZEROEI:(2,LABEL,
CALL ZEROKI(3, LABEL,
CALL ZEROKI(4, LABEL,
CALL ZERQKI(5, LABEL,
CALL ZEROKL(6-, LABEL,
IF (LABEL) 7, 8, 7

_8 PRINT 101 -

101 FORMAT. (5NOOOPS)
"4. STOP

7 PRINT 102, Fl, F2, PG2, RG3," RG4; RG5
FORMAT f2E20:8/4E20.8)
STOP
END

THE FUNCTION FUNCT(X,K)
CTION FUNCT(X,K)

IF (K=2) 1, 2, 33,
IF' (K-4) 3,-4, 53

IF (K-6) 5, 6r, 6
FONcT A X * SQRTF(1 - X-* X) -

RETURN
FUNCT = 'SQRTF(1 - X * x) x
RETURN
FUNCT = SQRTF(1 =X* X) - X mi 2,

* - X **,3

Q., .5, 1.E-4, Fl)
.5, 1., 1.E-4, T2)
;707, 1, 1.E74, RG2):
RG2, 1., 1.E-4, RG3),
.RG3, 1., Y.E -4, RGIP),

'RG4, 1., 1:E-4, RG5)'-

' 102

33'u,

53
1 \4N

2

3

4-

6

RETURN
FUNCT = rQRTFD.

RN
NCT, = SQRTF(1. - X *X) - X 3E* 4

kRTF(1 - X) - X **',i5

91.#93
"/

0
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Answers to Exercises F7-2

1. .(a)' If EPSI is too small for the accuracy of the machine being used,

it may not terminate.

1

(b) lf N is greater tlian 100, the storage set aside for T will

( ,be exceeded.

(c) Replace statement &with'

8 IF (N -.100) 3, 7, 7

The remainder of the program could be

3 N
f

N + 1

GO TO 2
' 7 PRINT 103
103 FORMAT (30H ERROR TOLERANCE EXCEEDED)
9 AREA = T(N)

PRINT 106; AREA ,

106, FORMAT (8HCAREA0=3, E20.8)
STOP
END

2. We may eliminate the calculation of 2n for each n. Also, since only

the current sum and the previous sum are needed, we may denote them by

,...ARFIA and OLAREA respectively,, thus eliminating the use of subscripted

variables..

READ logI
r FORMAT tE- 20611

OLAREA = 05, *. 051.
Ili

M 1

N I

2 M 21/4

L M1
H H/2.
5 0
DO 3 K t I A..2
PK K

3 S S+1.0/(104FK*H)
AREA -4'0.5*OLAREA + Hx-S

IF ( ABSF(ARtA-OLAREA)-ETSI)4,5,5 /

5 100), 9.70
' 9 N a N+I

TZERO a . AREAL-

., GO TO 2
7 PRINTq.

a %

.8 FORMAT
8

(30H /ERROR) TOLERANCE hOT SAT ISFIEDi
-4 PRINT 6sEPSITlit r

. .
6 FORMAT t2E2081i '

STOP :
ENDS

For gpsI . b.9l, n = 0.6941

For P-4
r-

SI = 0:001, T1 = 0.69339.

\`'""'"4
;41

4 t

ro.



3. Let LIMIT to the maximum number of iterations fo.be,performed.
in\

s

5 READ 1, L
1 FORMAT ( 10

PRINT 10,
10 FORMAT (12X,2HT1 17X,4HDIFF 16X,5HLIMIT)

TZERO = 0.5 * (1.0 + 0.5)
N = 1
M = 1 .
H= 1.

2 M = 2 * M
L = M -.1

= H/2.

S= 0 ,

DO 3 K = I, L, 2
.FK = K

3 S = S +-1./(1.+Rk* H)
Ti = 0.5 * TZERO + H * S
D1FF = T1 - TZERO
IF (N - LIMIT) 9, 4, 4

9 N=N+ 1
TZERO = T1
GO-TO 2

4 PRINT 6, Ti, DIFF. LIMIT
6 FORMAT(2E20.8,I15)

END

For LIMIT = 15, Ti = 0169314. 4
400.. ,D

4. Before the END statement we may insert GO .

A

TF7

PRINT 10
10 FORMAT (10X,4HAREA 16X,1HN)
'4 READ 1, N .
1 FORMAT (I10)

S = (1. + 1./2.) .

EAST =N -
'XN = N
DO 2 K = 1,
XK = K

2 S = S + 1./(1. + XK/XN)
AREA = S/XN
PRINT 3, AREA, N
FORMAT(E20.8,I15). .
GO TO 4

3

For N.= 5, AREA = 0.6956
For N ='25. AREA = 0.6932
For N = 75 AREA = 0.6931
'For N = 125, AREA .= 0.693
For N = 200, AREA

F

0.69315

93
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.41

TF7-3' Area under curve: the _general case

Answers
4

Exercises F7-1,

e
1. (a)

P1a3.14i59
ZiAREA2(0PI,5000$
PRINT 4.2

fi

4 FORMA:111XE
STOP-
END
FUNCTION AREA2(A,8,N),
FN=N )

H=(11-.A)/FN\
S= (FUNCTIB)+FUNCT(A))/2
L= N-1
IF (C) ?+2.3'

3 DO 1 Kr-it!.

FK= K
1 S 2 S+FUNCT(A+FK*4)
2 ARW= H*S

RETURN
END

t

'NM

, FUNCTION FUNCTIX/
FUNCTs SINF1XI
RETURN . '"

.

',,

END war.
END :

. ''.;"

The area under the sine curve is 2.000 while Xor a,semicircle of

diameter It the area is 3.876. ''- l'o.' .

P ,,

)
I

...

. .....

(b) Of course this is not t usual method for printing.a logarithm

able. The problem is given to connect ggain the area method to
11K

I ,

.

he introductory discussion of ihx. The correct values ford i

re these:

,,,
inx x iv

1

6

.11

21 %4;i

16 2. 259 .. ,

0.00000
1. 176

3.04452'

. 90

i

3.71357

e--1,

51

46

31 , ''' -.3-4339-

- 3-93183*

.3:8X164

3-5,535

26 3.25810 ,

,t))

44.



At

'2. The variable M gives the current number of subdivisions. These.
0..

recisions would accomplish the desired termination.

(1) N, the-maximum number of subdivisions, may to included asl'ari

argument of the.function:' AREA (A, B, EPSI, N)..

(2) The remaindey bf the program after Statement 5 Could In

IF(M - N) 6, 7, 7
6 GO TO 1
7 PRINT 8, Tl
8 FORMAT (7MAREAm= E20.8,301100ACOURACk)CRITERIONOEXCEEDED)
2 AREA = Tl

RETURN.
END -

3. (a) .

'DO 4 1=,193 .

N/a 2**t1.1).
ZITAREA2(1.,N)

4, PRINT 3,06Z
3 FORMAT(AHoNoI3,,9H000AREA*0E208),
ZstAREA11000.001/
PRINT 5,Z

5 FORMAT(6H0AREAIBE2081.
- STOP

, - T

C FUNCTION ARE2 GOES HERE
C FUNCTION AREA GOES HERE

FUNCTION FUNCTIPPP%
FUNCT2443429Air
RETURN. 4
END
END

Galculated results:

Subdivisions EPSI Area

o.F905
2 0.50667
4 0.4846

lo7' o.47724

.9

95
t.

<

0

e
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TFT

'3 . (b )
.

DO 6 L2 = 1, 3 .

N = 2**(L2 -
Z = AREA2( -2., 2., N)

6 PRINT 3, t,'Z.

3 FORMAT(4H N = 23, 9H ' AREA = E20'.8)

Zi. AREA( -2., 2., 0.001)

PRINT 5,Z
5 FORMAT(6H AREA'. E20.8)

STOP .;

EN4
- C FpNCTION AREA'2'. GOES HERE

C FUNCTION AREA GOES HERE

FONCTION FUNCT(X)
FUNCT = (3.*k + * X + 1.

RETURN
END
END

Calculated results:

Subdivisioas EPS'. Area

1 52.00

2 28.000

4 22.000

10-3' 20.000

Q0 7, 13.10 ..-

Wit 2**(15'.1)
ZBAREA211.04.0N)

7 PRINT 3044
.or

FORMAT(H N= 00-9H AREASE20.5)
ZwAREA(10400.001)
PRINT 5.2

5 FORMAT(6H0AREAuf20.8)
STOP
END

FUNCTION AREA GOES HERE 4,

FUNCTION AREAGOES HERE
FUNCTION FUNCT(X) '

FUNCTs(X.1'0*Yi*Xy.
N RETURN

END . ...

,

END
.,.

,

Calculated results

Subdivisibm EPSI Area \

1 i
" 12 :00 .

2 '50.063

4 , 44.578
10-

3 42.750
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TF7-4 Simultaneous linear-equations: dev= op3.np A systematic mWiod

of solution

Ans'wers to Ekercises F7-4

1. 3 READ 1,A11,A1 ,.B1, A21, A22,,B2

PRINT 1 All .Al2, Bl, A21, A22, B2

1 =Ar 7i0,5F10.0)

`AA12. Al2/A11

`BB1 - B1 /A11

1 = A21 - A21 * AAll

AA22 .= A22 - 'A21'* AA12

BB2 = B2 - A21 * BB1
X2 = BB2/AA22
X/ = BB1 - AA12 * X2
PRINT 2, Xl, X2

2 -FORMAT(7H0e0X70=E20.8, 5X4HX20= E20.8)

GO TO 3
--)"' END

2, (a) x = 1.6250

(b) x'= 1.8636

(c) x = 2,4706,,

'(d) x = 1000

(e 0.65217

,(5,.1e958

(gj = 2.1933

ir Y-0.75000

y = :0.81818,

y = -1.1471

y -2.000

-

x
2

= -0.3397'7

x
2

= -0.30269

/

.Although this program will solve our roblems, ye have actuglly

computes much more than neces ary. e next section of the text
AP,

shows how to solve equations more efficiently.

1 ,/ti)
,



TI7

1

TF7-4 Simultaneous linear-equations: dev oil n:,

of solution

Answers to Exercises F7-4f .

1.

d

a systematic mehocl

3 READ 1,All,A1 ,.Ea, A21, A22,,E2

PRINT 1 All Al2, B12 A21, A22, B2

1 FORMAT `t, 41".0,5F10.0) ,..e ,

AAll = All

*11Al2. Al2/All
.

'BB1 - Bl/All 7 .,

1 = A21 - A21 * AAll
AA22.= A22 - 'A21'* AA12

BP2 = B2 - A21 * BB1
X2 = BB2/AA22
X/ = BB1 - AA12 * X2
PRINT 2, Xl, X2

2 FORMAT(7HODOX70=E20.8, 5x4Hx2o= a20.8)

GO TO 3

-i' END ,.:` ,

s'

,

t

a

2. (a) x = 1.6250

(b) x.= 1.8636

(c) x = 2.4706,

'(d) x =

(e x = 0.65217

( Of) ?ci (5..18958

(gj = 2.1933

n,75000

y 70.81818.

y = -1.1471

y = - 2.5000

y 1.2609

x
2

-0.33977

x
2
= -0.30269

Yv

,Although this program will solve our roblems, ye have actually

computed much more than neceslary. e next section of the text
tik

shows how to solve equations more efficiently.
e 0

10u
I
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TF7-5 Simultanpous .linear equations: Gaussa4orithm
' t \

Answers "to Exe,rcises F7-5 Set A

1. D0 106 J'= 3,3
A(2,J) = A(2,,WA(2,2)

200 CONTINUE
B(2) = B(2)/A-(2/2)

DO 100 K---= 1,2
J1 = + 1

DO 200 J = 4,3
A(K,J) = A(K,J)/A(K,K)

200 DCONTINUE
B(K) = B(K)/A(K,K).

100 --CONTINUE-

IF (K - 3) 5, .6o, 6o
5. ICP1 = K 1

DO a,00 I = 121,3
DO 600 J = 1CP10 .

A(I,J) = A(I,J) - A(I,K)** A(K,J)
600 'CONTINUE 4

B(I). B(I) - A(I,K) * BOO.
500 CONTINUE
,6o

. ADO 200 K = 1,3 .

1 = K + 1 ,

D09200 J = KP1,I . i
A(K,J) = A(K,J)/A(K,K)

.
. CONTINUE "

B(K) = B(K)/A(R,K).

IF (KP14)'5,,60,,60
DO 500 I'= KPI, 3

4

DO 600 J = 121, 3 . . .

,.... A(I,J) = A(I,J) - A(I,K) *..;A(K,J'
-1 ',500 CONTINUE / . '

600 C NTINUE /

-

60 -- --
.

i

4

;

161

99

°

Cr .

Ae . '''. '' 1 ' I., t'' '1 1 Vs' ; '' `' i 2 _1
; * ' -

. e

.1



Answers to

1.

/.

4,

31

150

2

200
4

5

t

64o
,-Y

00
00

Exercises:E7 -5 Set B

' 7

1100
900

DIMENSION A3,3), B(3), X(3) -

DO 150'I\='1,3
READ 31/-1A(I;J), J = 1,3),.p(i)
PRINT 31, 0(I ,J), J = 1,3); B(I

FORMAT (4E10:5)
CONTINUE
DO 100 K = 1x3

KPL = K
IF (K - '3) -4, 4

DO 200 J = K1,3
A(K,J) = A(XJ)/A(K,K)
CONTINUE

B(K) = B(k)/A(K,K)
IF (K - 3) 100, .00

DO 500 I = KP1,3
DO 600 = EP1,3 %

A(I, ) A(I,T) A(I,K) * A(K,J)

4 CO NUE' ,
1

B(I - A(IK)-* B(K),
CO INUE
CONTINUE p

DO 900,1 = ,

Il = 4 - I ,
,x(I1) = B(I1) 1

IF (I - 1) 11,-900, 11
I1M1 = - 1

DO 1100 j = 1, I1ML
J1 = 4 -- g

X(II)t'= X();1)

. ,

A

CONTINUE
CONTINUE

PRINT 150, (X(I), I = 1,3 I

STOP
END

(a), xl*= -10.000

\ x2 = 1.8824

x = 15.471
3 /

ib) xi = 2.6279

= -0:23256

x3 = -1.8372

,1;

3. (a). xl:= -3.0619

2
.= 5.92568

x, = 0.13861

c) "xi = 1.2289

x2 ° = 0.20482.

.x3.= -0.83133

. (i) x
1
= 2.8154

x
2

= 1%7O77-

x = -0.15385
: 9 .

x
1

= 0.66311

x
2

= 5.1741

x-44= -1.5221
3 .

.1
,
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Answers t6 Exercise P7-5

2°

200

5

500
100

1100
900

Set C

SUBROUTINE GAUSS(N,A,B,X)
DIMENSION A(15,15), B(15),
DO 100 K = 1,N

-121 =.K + 1'

IF - N) 2, 4,,4,
DO 200 J = 10_,N ,

A(K,J) = A(K,J)/A(H,H)
CONTINUE

B(K) = B(K)/A(K,K)

IF (K.- N)5,, 100, 100
DO 500 I, = KPI;N*
DO 600 K.P1,N .

A(.07) - A(I,K) *
',BqoNTINut

(I) -= B(I) - A(I,K) * B(K)
CONTINUE
CONTINUE '

DO 900.1 = 1,N -
=N+1- I

X(I1) =B(I1)
IF (1-1) 11, 90Q, 11
I1M1 = I1 -1

DO 1100 J = 1, I1M1
J1 = N 1 -j

X(I1) = X(I1) - A(Il,Jl) * X(J1)
CONTINUE .
CONTINUE

RETURN
END

x(15)

Here is a sample Calling prograg.

100

101
150

DIMENSION A(15,15), B(15), X(1:5)
REP 100,N
FORMAT (15)
DO. 150 I = 1,N

READ 101, (A(I,J), j = l -,N)
PINT I01, (A(I,J), J
FORMAT (5F10.5)'

CONTINUE
READ 101 (B(I), I = l,N)
PRINT 101 (B(I), l,N).

CALL GAUSS (N,A,13,1)

PRINT 101, (k(I), I =' 1,N),,
STOP '

'101

TF7

o
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Adswars to xercises F7-5,, Set D

\ 1. (a) We add the index L as

exit in the,event the:ma

A

(1?).

ifih ar nt f or indicating an alternate

rix A is singular. .e)4C

'Immediately after the statement

Kpl =K + 1
Ai

we no insert the' following statements:

1400

22

4' 18

1900'

2

, a ,

tMAX = ABSF(A(K,K))
M = K
DO 1400 I = KF1,N

IF ABSF(A(I,K) - TMAX)1400,16,16

TMAX = ABSF(A(I;K))
M = I
CO NUE

IF ( ) 18,22,18
It= 1
RETURN
IF (M-K) 1912,19. .

pc 190o J = K,g'
COPY =A(K,J).
.A.(K,J) 7,A(M,J)
.gM,J) = COPY
CONTINUE
COPY = B(K)

"'BOO' = B(M)'
B(M) = COPY

0

Results.with parial pivoting; Without partial- pivoting

(a) xi. =1..1.8C5

x
2

-0.54135 e

: x3 .= 0.5939.8 e.

t, ,.,,

5

,

kl

(a) x
1

=

x2 -:::

x3 =

0

0.092593

1.7963

'.

-:

(4; xl = 10.550' (b) xl = 2.75-

x2 = 3.9000 '': x2 = 0 t

r

x3- = -9.60000 _
, x3 -= 3.75

$

4k \
..

'4,

v
i

.

Nose: Of course'the ans ers without pivot are wrong sincb the machine PN
4

..

continued the calCula after the attempted division IF zero. Some

compilers may.perfum an error,stop if division by zero is encountered.

dor,

j

ti
1.It V -.t
102

-

ti


